This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



1? 




Europalsches Patentamt 
© 0J)) European Patent Office 

Offlc europden des brevets 




<fi) Publication number: 0 628 630 A2 



02) 



EUROPEAN PATENT APPLICATION 



@ Application number : 94303969.3 
(S) Date of filing : 02.06.94 



© int. ci. 5 ; C12N 9/24, C12N 9/90, . 

C12P 19/12, C12P 19/14, 
C12P 19/24, A61K 31/70, 
A61K7/00, A23L 1/236, 
//(C12N9/24, C12R1:06, 
1:13, 1:265, 1:41) 



@ Priority: 03.06.93 JP 156338/93 

09.12.93 JP 340343/93 

28.03.94 JP 79291/94 

@ Date of publication of application ; 
14.12.94 Bulletin 94/50 



© Designated Contracting States : . ' 

AT BE CH DE DK ES FR GB IT U MC NL PT SE 

@ Applicant : KABUSHIKI KAISHA 

HAYASHIBARA SEIBUTSU KAGAKU 

KENKYUJO ••- -■— 

2-3, 1-chome, Shlmoishii 
Okayama-shi Okayama (JP) 



@ Inventor: Maruta, Kazuhiko 
525-3-214, Kuwano 
Okayama-shi, Okayama (JP) 
Inventor : Kubota, Mich io 
12-6, Arujihara-cho 
Ibaraki-shi, Osaka (JP) 
Inventor : Sugimoto, Toshiyuki 
695-44, Higashiaze 
Okayama-shi, Okayama (JP) 
Inventor : Miyake, Toshi : 
3-23, 1-chome, Ishima-cho 
Okayama-shi, Okayama (JP) 

(/^-Representative : Daniels^ Jeffrey Nichofas eraJ 
Page White & Farrer 
54 Doughty Street 
London WC1N 2LS (GB) 



© Trehaiose-releasing enzyme, and its preparation and uses. 

© Disclosed Is a trehaiose-releasing enzyme which specifically hydrolyzes the linkage between a 
trehalose moiety and the remaining glycosyl moiety in a non-reducing saccharide having a trehalose 
structure as an end unit and having a degree of glucose polymerization of 3 or higher. The molecular 
weight of the enzyme is about 57,000 to 68,000 daltons on SDS-PAGE, and the isoelectric point is about 
Zi ?u * °r '^ectrophoresb. The enzyme is useful in an industrial-scale preparation of trehalose, 
and the trehalose prepared therewith can be readily incorporated into food products, as well as 
cosmetic- and pharmaceutical-compositions. 
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The present Inv ntion relates to a trehalose-releasing enzyme, and its preparation and uses, more par- 
ticularly, to a nov I trehalose-releasing enzyme which specifically hydrolyzes the linkag between a trehalose 
moiety and the remaining glycosyl moiety In non-reducing saccharides having a trehalose structure as an end 
unit and having a glucose polymerization degree of 3 or higher, and to the preparation of the enzyme The pres- 
ent invention further relates to microorganisms capable of forming the enzyme, trehalose obtained by usinq 
the enzyme, and compositions containing the trehalose. 

Trehalose or a. a-trehalose has been known as a non-reducing saccharide consisting of glucose units 
As is descnbed in Advances In Carbohydrate Chemistry, Vol.18, pp.201-225 (1963), published by Academic 
Press. USA, and Applied and Environmental Microbiology. Vol.56, pp.3,213-3,215 (1990). trehalose widely ex- 
ists in microorganisms, mushrooms, insects, etc.. though the content is relatively low. Trehalose is a non-re- 
ducing saccharide, so that it neither reacts with substances containing amino groups such as amino acids and 
proteins, induces the amino-carbonyl reaction, nor deteriorates amino acid-containing substances Thus tre- 
halose would be used withoutafearof causing an unsatisfactory browning and deterioration. Because of these 
the establishment of the industrial-scale preparation of trehalose has been In great demand. 

Conventional preparations of trehalose are, for example, those which are disclosed in Japanese Patent 
Laid-Open No.1 54,485/75 wherein microorganisms are utilized, and reported in Japanese Patent Laid-Open 
No.21 6,695/83 wherein maltose is converted into trehalose by using maltose- and trehalose-phosphorylases 
in combination. The former, however, is not suitable for the industrial-scale preparation because the content 
of trehalose present in microorganisms used as a starting material is usually lower than 15 w/w % (the wording 
V/w %" is abbreviated as "%" in the specification, unless otherwise specified), on a dry solid basis (dsb) 
and the extraction and purification steps are complicated. The latter has the following demerits: Since treha- 
lose is formed via glucose-l-phosphate. the concentration of maltose as a substrate could not be set to a sat- 
isfactory high-level; (II) the enzymatic reaction systems of the phosphorylases are reversible reactions and 
their yields of the objective trehalose are relatively low; and (iii) it is substantially difficult to retain their reaction 
systems stably and to continue their enzymatic reactions smoothly. Thus, these conventional preparations 
have not been actually used as an industrial-scale preparation. 

As regards the preparation of trehalose, it is reported in the column titled '•Oligosaccharides'' in the chapter 
titled "Current Status of Starch Application Development and Related Problems" in "Food Chemicals" No 88 
pp.67-72 (August. 1992) that "In spite of a wide applicability of trehalose, the enzymatic preparation via a direct 
sacchande-transfer reaction or a hydrolytic reaction has been reported to be scientifically almost impossible 
in this field." Thus, the preparation of trehalose by an enzymatic reaction using starch as a material has ben 
deemed to be scientifically very difficult. 

It is known that partial starch hydrolysates. prepared from a material starch such as liquefied starch-dex--- 
tnns and maltoolkjosaTCha^rides._exhibit.a.reducing power owincftb their reducing end groups. The reducing 
- power of these reducing partial starch hydrolysates is generally expressed by "Dextrose Equivalent (DE) val- 
ue", based on a dry weight. It is known that among reducing partial starch hydrolysates those with a relatively- 
high DE value generally have a relatively-low molecular weight and viscosity, as well as a relatively-high level 
of sweetness and reactivity, and readily react with substances having amino groups such as amino acids and 
proteins to cause an unsatisfactory browning, smell and deterioration of their quality. 

Since the properties of reducing partial starch hydrolysates are varied dependently on their DE values 
the relationship between reducing partial starch hydrolysates and their DE values is significant It has been 
even believed impossible to break away the relationship In this field. 

The present inventors, however, did change this common sense and succeeded to establish a preparation 
of trehalose as disclosed in Japanese Patent Application No.362.131/92 wherein trehalose is directly produced 
from non-reducing partial starch hydrolysates by allowing glucoamylase together with a non-reducing sacchar- 
Ide-forming enzyme capable of forming non-reducing saccharides, having a trehalose structure as an end unit 
and having a degree of glucose polymerization of 3 or higher, to act on reducing partial starch hydrolysates 
having a degree of glucose polymerization of 3 or higher, prepared from a material starch. Although the prep- 
aration of trehalose yields trehalose from non-reducing partial starch hydrolysates in a yield of about 30% and 
can be feasible as an industrial-scale preparation, there still remains some fear of resulting in a high production 
cost in view of the trehalose yield. Therefore, the establishment of a novel preparation of trehalose, which forms 
trehalose from non-reducing partial starch hydrolysates in an increased yield, is in great demand. 

The object of the present invention is to provide a novel preparation of trehalose in a relatively-high yield 
from r latively-low cost and stably suppliable starch. 

In order to attain the aforementioned object, the present inventors have extensively screened microorgan- 
isms capable of producing a novel enzyme which releases trehalose from non-reducing partial starch hydrol- 
ysates having a trehalose structure as an end unit and having a degree of glucose polymerization of 3 or higher. 
As a result, we found that a non-reducing saccharide-forming microorganism of the genus Rhizobium, i.e. Rhi- 
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zobium sp. M-11 , isolated from a solid, as disclosed in Japanes Patent Application No.362,131/92; and a non- 
reducing saccharide-forming microorganism of the genus Arthrobacter, i.e. Arthrobacter sp. Q36. isolated from 
a soil, as disclosed in Japanese Patent Application No.265.416/93. produces a novel trehalose-releasing en- 
zyme. We also found that the novel trehalose-releasing enzyme facilitates a reaction to form trehalose in a 
satisfactonly-high yield when used in combination with a non-reducing saccharide-forming enzyme, and that 
trehalose is readily prepared by allowing the novel trehalose-releasing enzyme and a non-reducing saccharide- 
forming enzyme to act on reducing partial starch hydrolysates, and recovering a reaction mixture containing 
a relatively-high purity trehalose. We extensively screened microorganisms which produce such a trehalose- 
releasing enzyme from among known microorganisms. As a result, we found that microorganisms of the genera 
Brevibactenum and Micrococcus produce a trehalose-releasing enzyme which forms trehalose from non-re- 
ducing saccharides having a trehalose structure as an end unit and having a degree of glucose polymerization 
of 3 or h.gher similarly as the trehalose-releasing enzymes derived from microorganisms of the genera Rhi- 
zobium and Arthrobacter, and accomplished this invention. We also established compositions such as food 
products, cosmetics and pharmaceuticals containing the trehalose prepared by the aforesaid preparation and 
accomplished this invention. 

The present invention will now be described in further detail by way of example only, with reference to the 
accompanying drawings, in which: 

FIG.1 shows elution patterns of the present trehalose-releasing enzyme and a non-reducing saccharide- 
forming enzyme eluted from a column packed with a gel of "DEAE-Toyopearl®". 

FIG.2 shows the influence of temperature on the activity of the present trehalose-releasing enzyme de- 
rived from a microorganism of the species Rhizobium sp. M-11. 

FIG.3 shows the influence of pH on the activity of the present trehalose-releasing enzyme derived from 
a microorganism of the species Rhizobium sp. M-11. 

FIG.4 shows the influence of temperature on the stability of the present trehalose-releasing enzyme de- 
rived from a microorganism of the species Rhizobium sp. M-11. 

FIG.5 shows the influence of pH on the stability of the present trehalose-releasing enzyme derived from 
a microorganism of the species Rhizobium sp. M-11. 

FIG.6 shows the influence of temperature on the activity of the present trehalose-releasing enzyme de- 
rived from a microorganism of the species Arthrobacter sp. Q36. 

FIG.7 shows the influence of pH on the activity of the present trehalose-releasing enzyme derived from 
a microorganism of the species Arthrobacter sp. Q36. : 
FIG.8 shows the influence of temperature on the stability of the present trehalose-releasing enzyme de- 
rived from a microorganism of the species Arthrobacter sp. Q36. 

FIG.9 shows the influence of pH on the stability Lof the present trehalbs^rereaiiTigTnzynie derived from 
— a.microorganism of the species Arthrobacter sp. Q36. 

The identification test of a microorganism of the genus Rhizobium, i.e. "Rhizobium sp. M-11" according to 
the present invention gave the following results. The test was conducted in accordance with the method as 
descnbed in "Biseibutsu-no-Bunrui-to-Dotef (Classification and Identification of Microorganisms), edited by 
Takeji Hasegawa. published by Japan Scientific Societies Press, Tokyo, Japan (1985): 

A. Morphology 

Characteristics of cells when incubated at 27°C in nutrient agar 
Usually existing in a rod form of 0.6-0.8x1. 0-1. 5um; 

Existing single but uncommonly existing in a serially coupled- or a linked-form; 

Exhibiting no polymorphism; 

Possessing motility, asporogenicity and flagellum; 

Non-acid fast; 

Gram stain : Negative; 

Capsule : Negative; 

Metachromatic granule : Positive; and 

Accumulating poly-0-hydroxy butyrate. 

B. Cultural property 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 
Shape : Circular colony having a diameter of about 1.5 mm after 24-hours incubation- 

Rim: Entire; 
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Projection : Plain or hemispherical shape; 
Gloss : Positive; 
Surface : Smooth; 

£?£u : Creamy and semitransparent colony which forms no pink pigment* 

(2) Characteristics of colony formed when incubated at 27°C in agar plate with dextrose and trypton 
Creamy and semitransparent colony with mucoid; 

<?> ^ WhGn lnCUb3ted at 27 ° C in a 9 ar P"«b with yeast extract and mannitol 

Shape . Circular colony having a diameter of about 3 mm after 5-days incubation- 
Color : Creamy and semitransparent colony with mucoid* 

rln!irH CteriStlCS ° f C0, ° ny f ° rmed Wh6n lnCUbated at 27 ° C in a 9 ar P ,ate with ye** extract, mannitol and 
congo reo 

Exhibiting neither a pale pink nor a substantial absorption of congo red; 

(5) Growing at 27°C in agar plate with yeast extract, mannitol and 2% NaCI; 

(6) Characteristics of colony formed when incubated at 27°C in slant nutrient aqar 
is Growth : Satisfactory; 

Shape: Thread-like; and 

(7) Not liquefying gelatin when stab-cultured at 27°C in nutrient gelatin. 
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C. Physiological properties 



(1) Reduction of nitrate : Positive; 

(2) Denitrification reaction : Negative; 

(3) Methyl red test : Negative; 

(4) VP-test : Negative; 

25 (5) Formation of indole : Negative; 

(6) Formation of hydrogen sulfide : Positive; 

(7) Hydrolysis of starch : Negative; 

(8) Utilization of citric acid : Positive; v ; 

(9) Utilization of inorganic nitrogen source: Utilizing ammonium salts and nitrates- 
30 (10) Formation of pigment: Non; ' 

(11) Urease : Positive; 

(12) Oxidase : Negative; 

(13) Catalase : Positive; 



(14) Growth conditions : Growing at a pH in the rangetf5.5-.9 0 

(15) Oxygen requirements : Aerobic;" — """" . .. 
^(16) Utilization of carbon source and acid formation 



40 



45 



SO 



55 



4 



EP 0 628 630 A2 



o 



Carbon source 


Utilization 


Acid formation [ 


D-Glucose 


+ 


+ 1 


D-Galactose 


+ 


+ J 


D- Fructose 


+ 


+ J 


L-Arabinose 


+ 


+ J 


D-Xyfose 


+ 


+ | 


L-Rhamrtose 


+ 


+ 1 


Maltose 


+ 


1 


Sucrose 


+ 


+ 1 


Lactose 


+ 


J 


Trehalose 


+ 




Raffinose 


+ 


+ 1 


Mannitol 


+ " • " 




Dextrin 


+ 




Dulcitol 


+ 





(17) Decarboxylase test on amino acid 

Negative against L-lysine, L-arginine'and L-ornithine; 

(18) Utilization of amino acid 

S ° dlU K m L - g,utamate « sod '' um L-asparate, L-histidine and L-proline; . ' 

(19) DNase : Negative; 

(20) Formation of 3-ketolactose : Negative; and 

(21) Mol% guanine (G) plus cytosine (C) of DNA : 61% - 

aJ^u bac ^ 9 ^ 1 P^Perties were com pared witMhose .of- known microor^ 

"^^^ (1984 >" As 3 resu,t ' Sealed thaS^m^l^ 

IS^Sll^ TlV tq Tr ?r RhiZObium ' The mtooonjanhm is similar to tho-^^pecS: 
^^ TJ^ I^ 9 ^ 'I dlstln 9 uishab ' e 'rom them in that it utilizes maltose, lactose and mannitol Lt forms 
stuSL * T ^^duces both an enzyme, which forms non-reducing saccharides hJ^tM^ 

cernler S^T^J^T n ™ d "™?°^ s *>- M """ * the present inventors and deposited on De- 
J»Z ruL 1 ?■ Tf tl0n Research lnstitute - Agency of Industrial Science and Technology Ibaraki 

nsSe ^ndeTT ^ miCr °° r 3 anism W3S aCCepted ° n the same ^ «d has been nSSS^Si 
institute under the accession number of FERM BP-4130 y ne 

can b^abllled fET""" « m ! Craor 9 anism ' other of the genus Rhkobium and their mutants 

^^S^t^JT"^" 35 9 33 thSy Pr ° dUCe the Present "ehalose-releasing enzyme. 
>J ,dent 'f ,cat,on testof a microorganism of the genus Arthrvbacter, i.e. Arthrobacter so Q36 accordino 

SKSS? 8 f0, :°t 9 , The teSt was «"*«^ accordTncrwt ^ method s 

Ta^ase^ Classification and Identification of Microorganisms), edited by 

follows 9 ' y JaPa " SC ' ent,fiC S ° CietieS Press ' Tok y°- Ja P an < 19 «5)- The results were as 



A. Morphology 

(1) Characteristics of cells when incubated at 27 in nutrient agar 
Usually exhibiting a rod form of 0.5-0.7x0.8-1.e M m; Existing single; 
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Exhibiting polymorphism; 

Possessing no motility, flagellum and asporogenicity; 
Non-acid fast; 
Gram stain : Positive; 
Capsule : Negative; and 

(2) Characteristics of cells when incubated at 27°C in E YG 
Exhibiting a rod-coccus cycle. 



B. Cultural property 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 

Shape : Circular colony having a diameter of about 2-2.5 mm after 3-days incubation* 

Rim: Entire; 

Projection ; Hemispherical shape; 

Gloss : Moist gloss; 

Surface : Smooth; 

Color : Semitransparent and white or pale yellow; 

(2) Characteristics of cells when slant-cultured at27°C in nutrient agar plate 
Growth rate : Satisfactory; and 

Shape : Thread-like; 

^! ra ? eri f'?L 0f Ce,fe When s,ant - cu,tured at27 °C >n agar plate containing yeast extract and peptone 
Growth rate : Satisfactory; " 

Shape : Thread-like; and 

(4) Characteristics of cells when stub-cultured at 27°C in bouillon and gelatin 
Liquefying bouillon and gelatin. 

C. Physiological properties 

(1) Reduction of nitrate : Positive; 

(2) Denitrification reaction : Negative; 

(3) Methyl red test : Negative; 

(4) VP-test: Positive; 

(5) Formation of indole : Negative; v 

(6) Formation of hydrogen sulfide : Positive; — '~7 7 : J ^ 

(7) Hydrolysi-^f^starch.: Negative; r— 

(8) Hydrolysis of cellulose : Negative; 

(9) Utilization of citric acid : Positive; ■ 

(10) Utilization of inorganic nitrogen source < 
Utilizing ammonium salts and nitrates; 

(11) Formation of pigment : Negative; 

(12) Urease : Positive; 

(13) Oxidase : Negative; 

(14) Catalase : Positive; 

(15) Growth conditions : Growing at a pH in the range of 5-10 and a temperature in the range of 4-37'C- 

(16) Oxygen requirements: Aerobic; 

(17) Utilization of carbon source and acid formation . . . 
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Carbon source 


Utilization Acid formation 


D-Glucose 


+ 


D-Galactose 


+ - 


D«Fructose 




L-Arabinose 


+ - 


D-Xylose 


+ - 


L— Rhaninose 


+ — 


Maltose 


+ - 


Sucrose 


+ - ' 


Lactose 


+ - 

* . ■ , 


Raffinose 


+ - 



(Continued) 



Carbon source 


Utilization Acid formation 


Mannitol 




"Dextrin 


+ - - ' " 


_:"„_„ .: Dulcitoi — 





(18) Utilization of amino acid 

Utilizing sodium L-glutamate, sodium L-asparate, L-histidine and L-proline; 

(19) DNase : Positive; 

(20) Formation of 3-ketolactose : Negative; 

(21) Major diamino acid of ceil wall : Lysine; and 

(22) Mol% guanine (G) plus cytosine (C) of DNA : 63%. 

The bacteriological properties were compared with those of known microorganisms with reference to Ser- 
gey's Manual of Systematic Bacteriology. Vol.2 (1 986). As a result, it was revealed that the microorganism was 
identified as a microorganism of the genus Arthrobacter. The microorganism is characteristic in that it produces 
a non-reducing saccharide-forming enzyme to form non-reducing saccharides having a trehalose structure 
when allowed to act on reducing partial starch hydrolysates, and a novel trehalose-releasing enzyme which 
specifically hydrolyzes the linkage between a trehalose moiety and the remaining glycosyl moiety In a non- 
reducing saccharide to release the trehalose moiety. No publication has reported such a microorganism having 
these properties. * 

The microorganism had been named "Arthrobacter sp. Q36" by the pr sent inventors, and deposited on 
June 3, 1993, in National Institute of Bioscience and Human-Technology Agency of Industrial Science and 
Technology, Ibaraki, Japan. The deposition of the microorganism was accepted on the same day and has been 
maintained by the institute under the accession number of FERM BP-4316. 

In addition to the above-mentioned microorganism, other strains of the genus Arthrobacter and their mu- 
tants can be suitably used in the invention as long as they produce the present trehalose-releasing enzyme 
which specifically hydrolyzes the linkage between a trehalose moiety and the remaining glycosyl moiety in 
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o as long as it is utilized by the microorganisms: Examp.es of such a carbon ^^JS^^J^T* 
glucose, fructose, lactose, sucrose, mannitol. sorbitol, molasses and pm*2^,£S£E^^ 

t^SiS^SST^ b6ef eXtraCL The in0r9anic «nB«fcn«» "sabie in the inverSon 

F be USSd the ' nVenti0n as a crude enz y me solu «°n- Clear crude JSrnSEEto cSL 

wTu^o^^^^^^ 

fecSna ? 'f UPt '° n USin9 9 ' 3SS b6adS and al ^ina. french-press disruption, etc.. and sub- 
jecting the resultant extracts to centrifugation or membrane filtration 

to thISls7SrTx 2 a y mn 8 | a S t Uti0n r T ° bWned USed ,ntaCt ° r purified fa * conventional methods prior 

^Z^^S^ZF? e " 2yme Preparati ° n ' Which exhibits * single band on electrophoresis, can 
De prepared by d.alyz.ng a crude enzyme preparation, which were prepared by salting out the crude enzvma 

The present trehalose-releasing enzyme thus obtained has the following physicochemica. properties: 

8 
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(1) Action 

Specifically hydrolyzing the linkage between a tr halose moiety and the remaining glycosyl moiety in a 
non-reducing saccharide having a trehalose structure as an end unit and having a degree of glucose poly- 
merization of 3 or higher; 

(2) Molecular weight 

About 57,000-68,000 daltons on sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) . .v. 
About 3.3-4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-45°C when incubated at pH 7.0 for 30 min; 

(5) Optimum pH 

About 6.0-7.5 when incubated at 40°C for 30 min; 

(6) Thermal stability 

Stable up to a temperature of about 30-45°C when incubated at pH 7.0 for 60 min* and 

(7) pH Stability 

Stable at a pH of about 5.0-10.0 when incubated at 25°C for 16 hours. 

The activity of the present trehalose-reieasing enzyme is assayed as follows: One ml of an enzyme solution 
is added to 4 ml of 1.25 w/v % maltotriosyltrehalose alias a-maltotetraosyl a-glucoside in 50 mM phosphate 
buffer (pH 7.0), and the mixture solution is incubated at 40°C for 30 min. To the resultant reaction mixture is 
added a copper solution for the Somogyi reaction to suspend the enzymatic reaction, followed by the deter- 
mination of the reducing power on the Somogyi-Nelson's method. As a control, an enzyme solution, which were 
preheated at 100°C for 10 min to inactivate the enzyme, is assayed similarly as above. One unit activity of the 
present enzyme is defined as the amount of enzyme which increases the reducing power of that of one jimole 
of glucose per minute when assayed with the above-mentioned assay. 

Any substance can be used as a substrate for the present enzyme as long as it is a non-reducing sacchar- 
ide having a trehalose structure as an end unit and having a degree of glucose polymerization of 3 or higher 
Examples of such a substrate are glycosyltrehaloses such as glucosyltrehalpse, maitosyltrehalose, maltotrio- 
syltrehalose, maltotetraosyltrehalose and maltopentaosyltrehalose which are prepared by allowing a non-re- 
ducing saccharide-forming enzyme to act on maltotriose, maltotetraose, maltopentaose, maltohexaose and 
maltoheptaose. In addition to these substrates, relatively-low reducing partial starch hydrolysates, having a 
trehalose structure as an end unit and having a degree of glucose polymerization of 3 or higher, which can be 
prepared by partially hydrolyzing amylaceous substances such as starch, amylopectin and amylose with amy- 
lases or acids can be suitably used in the invention. — .-,..-i-:-v-.- t — ~ 

Examples^ of such amylases which- partially hydrolyzing^starch are ct-amylase/ maltopentaose-forming 
-amylase and maltohexaose-forming amylase as disclosed in Handbook of Amylases and Related Enzymes, 
published by Pergamon Press, Tokyo/Japan (1988). These amylases can be used in combination with de- 
branching enzymes such as pullulanase and isoamylase. > 

The concentration of the reducing partial starch hydrolysates used as a substrate in the invention is not 
specifically restricted. The enzymatic reaction according to the present invention proceeds even in a solution 
containing 0.1% or 50% of a substrate to form trehalose. Suspensions containing insoluble substrates can be 
used in the Invention. The reaction temperature usable in the present enzymatic reaction can be set to a tem- 
perature at which the present enzyme is not inactivated, i.e. a temperature up to about 55°C, preferably, a tem- 
perature in the range of 40-55°C. The reaction pH usable in the present enzymatic reaction is set to a pH in 
the range of 5-10, preferably, a pH in the range of about 6-8. The reaction time usable in the present enzymatic 
reaction is adequately chosen dependently on the conditions of the enzymatic reaction, and, usually it is in 
the range of about 0.1-100 hours when the present enzyme is used in an amount of about 0.1-100 units/g sub- 
strate, d.s.b. - . : , 

As regards the yield of trehalose from material substrates, specif ically, in the case of preparing trehalose 
from non-reducing partial starch hydrolysates with a relatively-low DE value, i.e. those with a relatively-high 
degree of glucose polymerization, the present preparation of trehalose has the advantage of that it increases 
the yield of trehalose more than that attained by a preparation as disclosed in Japanese Patent Application 
No.362,1 31/92 wherein a non-reducing saccharide-forming enzyme and glucoamyiase are used in combina- 
tion. The present preparation, wherein a non-reducing saccharide-forming enzyme and the present trehalose- 
reieasing enzyme are used In combination, forms trehalose in a high yield of about 60% or higher, while the 
preparation of the Japanese Patent Application forms trehalose only In a yield of about 30%. 

The enzymatic mechanism of the present Invention Is as follows: A reducing partial starch hydrolysate with 
a relatively-high degree of glucose polymerization is first converted by a non-reducing saccharide-forming en- 
zyme Into one mole of a non-reducing saccharide having a trehalose structure as an end unit, then the resultant 
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and one mo? ** " '* hydr ° ,y2ed by the pres8r " trehalose-releasing enzyme Into one mole of trehalose 
SnnL ♦ 3 'I 0 '" 9 Partia ' StarCh nydro| y sate w 'th a degr e of glucose polymerization of lower than 

"awly formed ^ducinTpaS 

starch hydrolysate has a degree of glucose polymerization of 3 or higher, it can be further converted into a 
hTo^tT 9 S3 : Ch , ar ^ h A Vi " 9 3 treha,OSB Structure as an 'nd then converted into^ on ^ of tre" 

reaction of Z*T f hyd "' ysate by the ^halose-releasing enzyme. Accordingly, repeated Tenzymatfc 
from I f "° n : reducin 9 saccharide-forming enzyme and trehalose-releas ing enz^yme canTorm 

£TJZZ ? h I "° n ; redUCin ? Partia ' Starch ■****"«» one or more trehalose molecules andTnon "eduT 
«, 2 P h h w ? hydro,ysate witn a de 9ree of glucose polymerization of lower than that of the mateS oarba 
w starch hydrolysate by a number of 2-fold higher than that of the formed treha.ose molecules ' 

In the present preparation, a non-reducing saccharide-forming enzyme and the present trehalose-releas 
.ng enzyme can be simultaneously allowed to acton non-reducing partial starch hydrolvsates havln^ rdlnr!,: 
of glucose polymerization of 3 or higher, or these two enzymes can be succVs^^ 

reaction mixture can be further subjected to the action of glucoamylase resultant 
The reaction mixtures thus obtained are in usual manner subjected to filtration and centrifuoation t n re- 
move insoluble substances, and the resultant solutions are decolored with an aSvate Tehama 2SSd 

th B nl f J?K eSSary ' thB POWd l ery products are readily processed into high-purity trehalose products by purif vino 

ch r ma i < ;r h or more methods ' for examp,e> fracH ° na «° ns ™ ^0^^™ ch^zxz 2s 

chromatography using an activated charcoal or a silica gel; separations using organic solvents such as aTcoZ 

3 .fneceTsaTv T"™ ZTT.* " m ~ > the ^"0 «luc^^ 

nJZ ! ?• the n sacchande P roducts containing the trehalose according to the invention can be hydrol- 

£££ «" a 7 lase - amylase, glucoamylase. a-glucosidase and/or trehalase. or subjected to a saccharide- 

transfer reaction by using cyclomaltodextrin glucanotransferase and/or glucosyltransferase to control SSr 

bearS^, an H d r6dUdna ^-wenas to reduce their viscosity. FurtherW^ 

fesu^r \ hydr0 ? enated to convert them **» ««aar alcohols to eliminate their reducing power. From Se 

ST Ca " b tT° Ved b/ " Sin9 af0reSa,d pUrif iCatfon methods suc " as ton-ex^ col* 
umn chromatography to prepare high trehalose content fractions. The fractions thus obtained can be readNv 
purified and concentrated into syrupy products, and. if necessary the syrupy products can be f urt er coTcen 
: tTne 'Z^^ to ^ hydroUS trehalose 

^X83 a ru n s 9 n1Th T T eXChan9e reSi " 38 diSCl ° Sed JaP3neSe Patent NoXSS 
hi JS? By using the techniques, concomitant saccharides contained in crude trehalose products can 
be readily removed to obtain high trehalose content products. In this case, any one of fixed-bed mov.na bed 
and sem.-moving methods can be arbitrarily employed. .- - ' 9 d 

t al v,!lZ de r° by ?T S crystal,ine trehalose, an about 65-90% trehalose solution is placed in a crys- 

tallizer. and gradually cooled while stirring in the presence of 0.1-20% seed crystal at a temperature of 95°C 

toll Zreh^r r ' t te 7 eratUre 016 ran9e ° f 1 °- 90 ° C - t0 ° bta,n a ™ sse ^* contoinl'g Mmus crys 
lv d vS in tlT^ me l h ° dS SUCh 38 S6Parati0n ' b ' 0Ck P**"*-*". fl"idized-bed granulation and 

TrZ^z^^zi^z r nt,on to prepare from the massecuite hydrous treha - 

In the case of separation, massecuites are usually subjected to a basket-type centrifuge to separate hv- 
drous crystalline trehalose from the motherliquor. and. if necessary the hydro J crystaTn ^freSlose te ^ 

w^n^ 

w,tn an .ncreased punty. In the case of spray drying, crystalline saccharides with no or substantial free of 

aboul £ S^iS22^' V T 3 n02Z ' e by 3 h, '9 h -P ress ^ P"mp; drying the resultants with an 
tor about" Llol lZtu T r ! SU,tant CrySta " ine POWders: and a 9'"9 the resulta nt powders 

».hn k 5 u b,OW,nQ theret ° a " abQut 30 - 60 ° C hot air - ,n case of block pulverization crys- 
tallme sacchandes w,th no orsubstantlally free of hygroscopicity are readily prepared by a ow Z mTsecuZl 
havmg a moisture content of about 10-25% and a crystallinity of about 10-60%. d s .b Z stand SsTeral hours 
to 3 days or so In order to crystallize and solidify the whole contents into blocks pu veriz!^ 
sultant blocks, and drying the resultants. Although anhydrous crystalline trehalose cm be^rSa^ed b? drtinn 
hydrous crystalline treha.ose to convert it Into anhydrous form, it is 9 *n«JP2^£Z^Xfi£ 
halose content solution with a moisture content less than 10%. placing the'soiuSon in a^'rysSZr. ke^ng 
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the solution in the pres nee of a seed crystal at a temperature in the range of 50-1 60-C, preferably, a temper- 
t Z nT ran9 « ( 0f 80 -. 40 °J "^stirring conditions to obtain a massecuite containing anhydrous crysXe 
trehalose crystallmng ,t. and pulverizing the resultant anhydrous crystalline trehalose under dryness and rei- 

5 $£^Z2^ Mm ™ ^ CO^Ve^t, ' 0^a, melh ° dS SUCh 33 b, ° Ck P"--t-. ^ed-bed gran- 
The present trehalose thus obtained is stable and substantially free of reducing power, aftd can be mixed 
SSLSSSTlT °; her m ^ ria ' s ' s P eci ; ical 'y. amino acids and amino acid-containing substances such as 
t?7 S * !! feaf ° f CaUS,n9 unsatisfa «= tor y Owning and smell as well as deterioration 
o ZZllZT?' I'T T* ^ 86 3 satisfactori| y- hi 9" ^d sweetness. Since trehalose is readily 

o hydrolyzed by trehalase into glucose units, it is assimilated, absorbed and utilized by living bodies as a caloric 
source when orally admm.stered. Furthermore, trehalose is not substantially fermented by dental carr2s° n- 
ducng microorganisms, and this renders it useful as a sweetener substantially free of inducing dental caries 

intnhilf^? 8 !, * T ? 6 Prepared int ° a9entS> f ° r examp,e ' ""fftlonal agents for transfusion and 
ntubat.on feedmg which are arbitrarily administrable to living bodies and readily metabolized and utilized by 

u^T wltno ^^ca"sing toxicity and side effects. Thus, these products can be advantageous.^ 
used as an energy-supplementing agent for living bodies. a . 

Trehalose is a stable sweetener, and. especially crystalline trehalose is arbitrarily used as a sugar coating 
rZn .Hon JUT COmbination w,th a binder su <* « P"»"'an. hydroxyethyl starch o? polyvinyl- 

»' S Z" 3 I 'Sf' 036 HaS Pr ° Pe,:tieS SUCh 38 ° Smotic P^^e-controlling ability. filler-imparting 
h 1 1 9 ' 0 " S -' mpartm 9 ab,,,t y' moisture-retaining ability, viscosity-imparting ability, substantial no ferment- 
ed^ b " ,ty t0 PrBVent retro 9 radati °n of gelatinized starch, and ability to prevent crystallization of other sac- 

. Thus, the present trehalose and saccharide composition containing the same can be arbitrarily used as 
a sweetener taste-improvmg agent, quality-improving agent, stabilizer and filler in a variety of compositions 
such as food products, cigarettes, tobaccos, feeds, cosmetics and pharmaceuticals 

The present trehalose and saccharide compositions containing the same can be used intact as a seasoning 
for sweetemng. If necessary, they can be used together with adequate amounts of one or more other sweet- 
er* «^°hT aniP wde 1 " S t d , syruP ' fructose, maltose, sucrose, isomerized sugar, honey, maple su- 
gar erythntol, sorbitol. malt.tol, lactltol. dihydrocharcone. stevioslde. ce-glycosyl stevioside. rebaudioside. gly- 
cyrrhfein L-aspartyl L-phenylalanine methyl ester, saccharin, glycine and alanine; and/or a filler such as dex- 
tnn, starch and lactose. - . - ......... . 

The present trehalose and saccharide compositions containing the same in the form of a powder or a crys- 
ta can be used intact, or. if necessary they can be mixed with an excipient. filler, diluent and binder and formed 
into granules, spheres, shot-rods, plates, cubes and-tablets, prior to their use. : • — 
;• : .: The present trehalose and saccharide compositions containing the same well harmonize with other ma- 
terials having sour-, acid-, salty-, bitter-, astringent- and delicious-tastes, and have a relatively-high acid tol- 
erance and heat resistance. Thus, they can be favorably used in food products in general as a sweetener, taste- 
improving agent and quality-improving agent. 

The present trehalose and saccharide compositions containing the same can be used in seasonings such 
as an amino acid peptide, soy sauce, powdered soy sauce, "miso", "funmatsu-miso" (a powdered miso) "mor- 

ZJ»XZ I*, J,' " hiShi °" ( f ^ ined S ° y S3UCe) ' afUrikake " (a S8aS0ned f ish meal >. ^yonnaise. dressing, 
vinegar sanba,-zif (a sauce of sugar, soy sauce and vinegar), "funmatsu-sushi-su" (powdered vinegarfor su- 
shi), chuka-no-moto (an .nstant mix for Chinese dish), "tentsuyu" (a sauce for Japanese deep-fat fried food) 
mentsuytf (a sauce for Japanese vermicelli), sauce, catsup, "yakiniku-no-tare" (a sauce for Japanese grilled 
meat) curry roux. mstant stew mix. instant soup mix. "dashi-no-moto" (an instant stock mix), nucleic acid con- 
diments, mixed seasonmg. "mirin" (a sweet sake), "shin-mirin" (a synthetic mirin). table sugar and coffee sugar. 

The present trehalose and saccharide compositions containing the same can be also used freely for 
sweetening wagashr (Japanese cakes) such as "senber (a rice cracker), 'arare-moohf (a rice-cake cube). 
okosh, a m,Het-and-r.ce cake). "mo'chT (a rice paste). "manjS (a bun with a bean-jam). W (a sweet rice 
Jelly) an (a bean jam), "yokan" (a sweet jelly of beans), "mlzu-yokan" (a soft adzuki-bean jelly). "kingyokW 
(a kind of yokan). jelly, pao de Castella and "amedama" (a Japanese toffee); confectioneries such as bun. bis- 
cuit, cracker cookie. p,e. pudding, butter cream, custard cream, cream puff, waffle, sponge cake, doughnut, 
chocolate, chewing gum. caramel and candy; frozen desserts such as ice cream and sherbet; syrups such as 
kajitsu-no-syrup-zuke" (a preserved fruit) and 'korimitsW (a sugar syrup for shaved ice); pastes such as flour 
paste peanut paste, fruit paste and spread; processed fruits and vegetables such as jam. marmalade, "syrup- 
,fiV ^ T . 6S L ^ < conserves >: P ,cWes and pickled products such as -fukujin-zuke" (red colored 
radish pickles), bettara-zuka" (a kind of whole fresh radish pickles), "senmai-zuke" (a kind of sliced fresh radish 
pickles) and rakkyo-zuka" (pickled shallots); premixes for pick! s and pickled products such as "takuan-zuke- 
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no-moto" (a pr mix for pickled radish) and "hakusai-zuke-no-moto* (a premix for fresh white rape pickles); m at 
products such as ham and sausage; products offish meat such as fish ham, fish sausage, "kamaboko" (a 
steamed fish paste), "chikuwa" (a kind offish paste) and "tenpura" (a Japanese deep-fat fried fish paste)- "chin- 
mi" (relish) such as "uni-no-shiokara" (salted guts of sea urchin), "ika-no-shiokara" (salted guts of squid) »su- 
konbu" (processed tangle), "saki-surume" (dried squid strips) and "fugu-no-mirin-boshr (a driecfcmirin-seas- 
oned swellfish); "tsukudan? (foods boiled down in soy sauce) such as those of laver, edible wild plants dried 
squid, fish and shellfish; daily dishes such as "nimame" (cooked beans), potato salad and "konbu^maki" (a tan- 
gle roll); milk products; canned and bottled products such as those of meat, fish meat, fruit and vegetable- 
alcoholic beverages such as synthetic sake, wine and liquors; soft drinks such as coffee, tea, cocoa juice' 
carbonated beverage, sour milk beverage and beverage containing a lactic acid bacterium; instant food prod- 
ucts such as instant pudding mix, instant hot cake mix and "sokuseki-shiruco" (an instant mix of adzuki-bean 
soup with rice cake) and instant soup mix; and beverages such as baby foods, foods for therapy, and beverages 
supplemented with nutrition; as well as for improving the tastes and qualities of the aforementioned food- 
products. ....... 

The present trehalose and saccharide compositions containing the same can be also used in feeds and 
petfoods for animals such as domestic animals, poultry, honey bees, silkworms and fishes in order to improve 
their taste preferences. The trehalose and saccharide compositions can be arbitrarily used as a sweetener 
taste-improving agent, quality-improving agent and stabilizer in other products in paste and liquid form such 
as a tobacco, cigarette, dentifrice, lipstick, rouge, lip cream, internal medicine, tablet, troche, cod liver oil in 
the form of a drop, cachou, oral refrigerant, gargle, cosmetic and pharmaceutical. : - 

The present trehalose and saccharide compositions containing the same can be used as a quality-improv- 
ing agent and stabilizer for biologically active substances susceptible to loss of their effective ingredients and 
activities, as well as in health foods and pharmaceutical compositions containing biologically active substanc- 
es. Examples of such a biologically active substance are lymphokines such as a-, p-and r-interferons, tumor 
necrosis factor-a (TNF-a), tumor necrosis factor-p (TNF-p), macrophage migration inhibitory factor, colony- 
stimulating factor, transfer factor and interleukin 2 (IL-2); hormones such as insulin, growth hormone, prolactin, 
erythropoietin and follicle-stimulating hormone; biological preparations such as BCG vaccine, Japanese en- 
cephalitis vaccine, measles vaccine, live polio vaccine, smallpox vaccine, tetanus toxoid, Trimeresurus anti- 
toxin and human immunoglobulin; antibiotics such as penicillin, erythromycin, chloramphenicol, tetracycline, 
streptomycin and kanamycin sulfate; vitamins such as thiamine, riboflavin, L-ascorbic acid, cod liver oil, car- 
otenoid, ergosterol and tocopherol; enzymes such as lipase, elastase, urokinase, protease,>amylase, isoa- 
mylase, glucanase and lactase; extracts such as ginseng extract, snapping turtle extract, chloreJla_extract,--- 
aloe extract and propolis extract; viable microonganisjro such.as-vimses r lactic acid bacten'a and- yeast and 
other biologica[ly„active substances such as royal jelly. By using the present trehalose and saccharide com- 
positions containing the same, the aforementioned biologically active substances are readily prepared into 
health foods and pharmaceutical compositions with a satisfactorily-high stability and quality without a fear of 
losing or inactivating their effective ingredients and activities. ; 1 :; ; . ; - 

As described above, the methods to incorporate the present trehalose and saccharide compositions con- 
taining the same into the aforementioned substances and compositions include conventional methods, for ex- 
ample, mixing, kneading, dissolving, melting,. soaking, permeating, sprinkling, applying, coating, spraying, in- 
jecting, crystallizing and solidifying. The trehalose and saccharide compositions containing the same are usu- 
ally incorporated into the aforementioned substances and compositions in an amount of 0.1% or higher pre- 
ferably, one % or higher, d.s.b. 

The following experiments explain the production and purification of the present trehalose-releasing en- 
zyme derived from microorganisms of the species Rhizobium sp. M-11 and Arthmbacter sp. Q36, as well as 
hitherto known microorganisms: 

Experiment 1 

Production of trehalose-releasing enzyme by Rhizobium sp. M-11 

A liquid nutrient culture medium, consisting of 2.0 w/v % "PINE-DEX #4", a starch product of Matsutani 
Chemical Ind., Co., Ltd., Kyoto, Japan, 0.5 w/v % peptone, 0.1 w/v % yeast extract, 0.1 w/v % disodium hy- 
drogenphosphate, 0.1 w/v % potassium hydrogenphosphate and water, was adjusted to pH 7.0. About 100 ml 
aliquots of the liquid nutrient culture medium were placed in 500-ml Erlenmeyer flasks, autoclaved at 120°C 
for 20 min to effect sterilization, cooled, inoculated with a seed culture of Rhizobium sp. M-11 (FERM BP-4130) 
and incubated at 27°C for 24 hours under stirring conditions of 130rpm. The resultant cultures were pooled 
and used as a seed culture. 
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was oLrl i„ a *n!i r P ™ parat,on of me same «k>«W nutrient culture medfum as used in the above culture 
was placed In a 30-L fermenter. sterilized, cooled to 27°C, inoculated with one w/v % of th seed culture and 
incubated for about 72 hours under stirring and aerobic conditions at 27'C and a pH of 6 0-8 0 " 
accumulated 3f a non-reducing saccharide-forming enzyme and the present trehalose-releasing enzyme 
accumulated ,n the culture were respectively about 1.5 units/ml and about 2 units/ml A portton of the cuZZl 

ZZSZ^rTSlX int ° C8 "r 3 f SUPernatant ' 3nd th8 Ce, ' S Were -P-dSn S 
pfiate buffer (pH 7.0) to g,ve the same volume of the portion, followed by assaying the enzyme activitv of th. 

«u2H>7SZ!i ™ dUC r sa « haride - form 'n9 enzyme is as follows: One ml of an enzyme solution is 

incubated aU0°c fa 10 ^TnH^TtV™! Ph ° Sphate buffer (pH 70 >' and tne fixture solution is 
incubated at 40 C for 10 mm and heated at 100°C for 10 min to suspend the enzymatic reaction The resultant 
reaction mixture is precisely diluted with a buffer by 10 times, and the reducing 

Somogy-Nelson's method. As a control, an enzyme solution, preheated at 100°C for ZVnTZZate the 
enzyme, is assayed simi.ar.y as above. One unit activity of the non-reducing s^hJuT^^S^ 

per minute when assayed with the above-mentioned assay. j mairopentaose 



Experiment 2 
Purification of enzyme 
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RABO" a suonl hilh 7 * *" Ex P eriment 1 Seated to disrupt cells with -MINI- 

Sn^^^SiZZ* 0 ? ' 9 3PParatUS """'^ * Daini PP°" Pharmaceutical Co.. 
L su'nlr^n, a f suspen , sion wa * centrifuged at 10.000rpm for 30 min to obtain an about 16 

oreTofl^ m0n 'ZV f T W3S 3dded t0 tHe SU W*<« ™* ^solved therein to give a saturation de 
r^o^ 

gree'oTo T'Z S^ZnT^* 0 *" SUpematant and dfes ° ,v * d *«ln to give-a- saturation de- 

cSfatl »nH It ? ^s" «ant so ution was centrifuged at 10,000rpm for 30 min. followed by recovering a pre- 
a fresh Teo^ZT f 0 "^ ?^ The -lution-thus obtained Wcfi5^5£" 

f.^i , _? , ^^5 th « a ™-P^Pha^BW»for 24 hours, and centrifuged at 10.000rpm for 30 min to 
^rT2!Fh e S H nC6S - Three . hundred and *ty ml of the resultant dialyzed solution w^s divld in o 

■ e ?^~ , ^ t0 C ° ,Umn Chromat °9-Pny -ing a column packed with 300 
t h D o EA h E ^° yopearl ®' an 'on-exchanger commercialized by Tosoh Corporation. Tokyo, Japan 
The objective non-reducing saccharide-forming enzyme and trehalose-releasing enzyme were adsorbed 
Zt^r? TJ' Separat6,y f r ° m the CO,Umn with a f resh Preparation of tne same phosphate 

chr?ltn PP W 'l h S3lt 31 d ' fferent S3,t concentra «°n«- The elution pattern of the column or £e column 

ZnTa!TZ aS ? S , hOWn ;" F,G - 1 - The "on-reducing saccharide-forming enzyme was eluted from the col- 
umn a a salt concentrator, of about 0.2 M. while the trehalose-releasing enzyme was eluted from the column 

P?o,ed^ 

The pooled fractions containing the non-reducing saccharide-forming enzyme were dialyzed aqainst a 
fresh preparation of the same phosphate buffer supplemented with 2 M ammonfum suSe Sialyzed sol 

was^ icreXh^o 3 H t0 remOVB inSO ' Ub,e SUbStanCeS ' 3nd the -sultantsu ?rnata t 

oearl® 650" 1 r^lh^ , " chromato 9 ra P h y "sing * column packed with 300 ml of "Butyl-Toyo- 
o t h< foe^a el Sd ImZ' 7 mmerc i a,,Z , ed ** ™ Corporation . Tokyo. Th. enzyme adsorbed 

erinq frac ton w th ? T 3 '"^ 9radient b " ffer ran9ing from 2 M to 0 M. followed by recov- 

enng fract ons w.th the enzyme activity.. The resultant fractions were subjected to gel filtration chromatoaraohv 
using a column packed with 300 ml of "Tovooearl® HW «;«;» a r^: n * , ogeinnranoncnromatography 
bv Tncnh r^^L*^ t ^ ■ , . oyopear|W H W-55 , a resin for gel chromatography commercialized 
by Tosoh Corporation Tokyo. Japan, followed by recovering fractions with the enzyme activity. 

ToyoDearS?- S ' P °°' e ^^^^ enzyme activity eluted from the column of "DEAE- 

Toyopearl® . the fractions were treated similarly as in the purification steps used in the preparation of the 

z l Ve^TnlT s T? T 109 en2yme SUCh 3 manner that th °y were dial ^d against a ZTeTont JZ 
chromatography * SUCCeSS,Ve '>' Sub J ected to Hydrophobic column chmmatography and gel filtration 
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The total enzyme activity, specific activity and yield of th non-reducing saccharide-forming enzyme in 
each purification step are as shown in Table 1, while those of th trehalose-releasing enzyme are as shown 
in Table 2. 



Table 1 



Purification 
step 


Total enzyme* Specific Yield 
activity (units) activity (%) 
(units/mg protein) 


Material culture 


28,500 






100 


Supernatant after 
cell disruption 


22,900 




0.12 


80 


Dialyzed solution 
after salting out 


21,100 




0.43 


74 


Eluate from ion- 
exchange column 


15,200 




6.2 


53 ./ 


Eluate from 
hydrophobic column 


7,950 




101 


28 


Eluate after gel 
filtration column 


5,980 




197 


21 



Note : The symbol u *" means a non-reducing saccharide- 
. enzyme . / 
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exam™:;^ 

was observed as a single proteS band mi l ^^^?!■ nI, * 9 3 reSU,t ' 6aGh Gn2yme Potion 

aration with a relatively-higTpurity * *" a " electr °Ph°retically-homogeneous prep- 



5 f Experiment 3~ 



Property of trehalose-releasing enzyme 

^^l^ p r rat L on ' obtained by the method in * 

tombed its mo.ecu.ar wefcht t b ^wSS oSoSn^'r d ° deCy ! SU ' fate and de- 

merciaiized by Japan Bic-Rad Laboratories ToZ Jap an * C ° mPann9 m " fcer pr ° teinS com " 

.ami^gSrnSgl ^^'I *" * is °^Pn<-sis using polyacry- 

AB. Uppsala. Sweden The fes^an^Vw* ' r" COmmercia,ized * Pharmacia LKB Biotechnology 

in a pl^f the'en'me beTng ^ '43 P ' eCeS ' f °"° Wed by their P Hs and 

assay tle^ZT^T^ J^f** ° f th6 PreSent ^ — ^udied in accordance with the 
FIG. 3 (effect J^S^S^Z^ ^ "«P«*v-y *«n in FIG. 2 (effect of temperature) and 
30 min and the optimum TZT^outTorl 1 abOUt 45 ° C Whe " iflCUbated at P H 70 <°< 

the enzyme was deteTL I bXuoatlna l'l In m T'f* 34 4 °° C f ° r 30 min - The thermal stabi,i * °' 
peratures. cooling theTuffe J in S u " ° bUfferS (pH 7 - 0) f ° T 60 min at d,fferent ten > 

each buffer. The !^£^ , SX^^6^^; n ! 1 'T?™ 9 ^i™ 9 ™ y ™ * CtM * 

4 and , The enzyme ™ u7^^ >*» 
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The results in Table 3 evidently show that 

1. Trehalose-releasing enzyme according to the present invention specifically hydrolyzes the linkage be- 
tween a trehalose moiety and a glycosyl moiety in a non-reducing saccharide having a trehalose structure 
as an end un.t and having a degree of glucose polymerization of 3 or higher to form trehalose and a non- 
reducing saccharide having a degree of glucose polymerization of one or more- and 

2. Maltooligosaccharides are not hydrolyzed by the present trehalose-releasing enzyme 
From these results, it is confirmed that the trehalose-releasing enzyme according to the present invention 

.s a novel enzyme wh.ch has a mechanism of specifically hydrolyzing the linkage between a trehalose moiety 
and the remaining glycosyl moiety in a non-reducing saccharide having a trehalose structure as an end unit 
and having a degree of glucose polymerization of 3 or higher to release trehalose from the non-reducing sac- 

In order to purify trehalose in each reaction mixture, the reaction mixture was subjected to column chro- 
matography using a column packed with "XT-1016 (Na'-form)". an alkaline-metal strong-acid cation exchanqe 
resin commercialized by Tokyo Organic Chemical Industries. Ltd.. Tokyo, Japan, followed by recovering frac- 
tions conta.nmg 97% or higher of trehalose. The fractions were pooled and concentrated into an about 65% 
solution and the concentrate was allowed to stand at 25°C for 2 days to crystallize hydrous crystalline trena- 
il.? ^^i? 9 dryi " 9 * VaCU ° tD ° bta,n 3 high-Purity trehalose preparation with a purity 
of 99 /„ or higher, d.s.b. The yields of trehalose from glucosyltrehalose. maltosyltrehalose, maltotriosyltreha- 
.°f «-, ma yltrehalOSe and ma,to P e nte°syltrehalose used as a substrate were respectively 9 5% 
14.9%. 16.0%. 18.5%. and 17.7%. d.s.b. The high-purity trehalose preparations and a commercially available 
trehalose specimen as a standard were studied on their melting point, heat of fusion, specific rotation, infrared 
absorption spectrum, powdery x-ray diffraction pattern, and readiness of hydrolysis by a trehalase specimen 
derived from pig kidney, commercialized by Sigma Chemical Co.. St Louise, USA. As a result, every trehalose 
^iVlT^fu fne ' tinS P ° int0f 97 - 0±0 - 5 ° c . a heat of fusion of 57.8±1.2 kJ/mole and a specific rotation 
of +182±1 1 , and these values well corresponded with those of the standard trehalose specimen, while th 
infrared absorption spectra and powdery x-ray diffraction patterns of the trehalose preparations also well cor- 
responded with those of the standard trehalose specimen. Similarly as the standard trehalose specimen the 
trehalose preparations were decomposed into glucose units. 

As evident from these results, it was confirmed that a non-reducing saccharide, which was formed by al- 
owing the present trehalose-releasing enzyme to act on non-reducing saccharides having a trehalose struc- 
ture as an end unit and having a degree of glucose polymerization of 3 or higher, was trehalose. 

Experiment 5 ~ - Z-—- 

_ 3 5 Preparation of-trehalose frorn non-reducing partial starch hydrolysates 

<M L*"f pan-on ^"taining 5% waxy corn starch was gelatinized by heating, adjusted to pH 4.5. heated to 
50 C. mixed ! with 4.000 units/g starch, d.s.b.; of an isoamylase specimen commercialized by Hayashibara Bio- 
chemical Laboratories Inc., Okayama. Japan, and subjected to an enzymatic reaction for20 hours. The reaction 
mixture was autoclaved at 120°C for 10 min, cooled to 60'C, and subjected to gel filtration column chroma- 
tography using a column packed with 750 ml of Toyopearl® 5 OS gel", commercialized by Tosoh Corporation 
Tokyo. Japan, to obtain reducing partial starch hydrolysates having a degree of glucose polymerization of 35- 

Either of the reducing partial starch hydrolysates thus obtained or maltotriose having a degree of glucose 
polymenzation of 3 as a substrate was dissolved in 10 mM phosphate buffer (pH 7.0) into a one % solution 
which was then mixed with 4 units/g substrate. d.s.b.. of a purified non-reducing saccharide-forming enzyme 
and a purified trehalose-releasing enzyme prepared by the method in Experiment 2, and subjected to an en- 
zymatic react.on at 40°C for 24 hours. After completion of the enzymatic reaction, a portion of the resultant 
each reaction mixture was desalted and analyzed on HPLC to identify its composition. 

The remaining each reaction mixture was heated to 50"C. adjusted to pH 4.5. admixed with 50 units/g sub- 
strate, d.s.b.. of a glucoamylase specimen commercialized by Seikagaku-Kogyo Co.. Ltd., Tokyo. Japan, and 
subjected to an enzymatic reaction for 24 hours. Similarly as above, a portion of the resultant each reaction 
mixture was desalted and analyzed on HPLC to analyze its composition. The results were as shown in Table 
4. 
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As Is shown In Table 4. In th case of using as a substrate maltotrlose having a degree of glucose oolv 

tl oresenn ^ ^T" "-^-ing saccLde-fom^ fe"ZeZ 

the present trehalose-releasing enzyme was relatively low. i.e. 4.2%. while in the case of using as a substrate 
partial starch hydrolysates having a degree of glucose polymerization of 10-34.1. the trehalose yield was 
atively high i.e. 66.1-80.8%. It was found that the higher the degree of glucose polymerization of material i 
ducing partial starch hydrolysates. the higher the purity of the resultant trehalose. "t wa a£ ^fou^that the" 

Scared Z WTT T^T ^ * * a "° Win9 9'"— ylase to act on a reaSm l^e 

prepared by the hydrolysis of reducing partial starch hydrolysates by the two enzymes, to hydrolyze thL con 
com,tan non-reducing saccharides, having a trehalose structure as an end unit andTaving a dJSiSiS! 
polymenzatran of 3 or higher, into trehalose and glucose molecules. 9 

Experiment 6 
Maillard reaction 

d s b AS n°hS^H C K "l!! inin9 l n l % ° f 9 ' ycine ' 10% ° f a high-purity trehalose preparation with a purity of 99.5%. 

90 m,; SZIh h r 1 " E ? eriment 4 ' and 50 mM Phosphate buffer ( P H 7.0). was kept It 100-C fo 

?-T^2r? y ' reSU,tant SOlUti ° n ' and determin,n 9 its absorbance at a wave length of 480 nm 

L Jd to dirt 8 3 1 \l ?' UC T a " d ma ' t0Se W6re Simi ' ar,y treated as above ' and «he resultants were suZ 
jected to determmation of the.r absorbances at a wave length of 480 nm. The results were as shown in Table 
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Table 5 



Saccharide preparation 


Coloration degree (480 nm) 


Trehalose (Present invention) 


0.006 


Glucose (Control) ' 


1.671 


Maltose (Control) 


0.926 , 



en, £ln»£n n r h r 5U " Tab ' e 5 ' * W3S reVea,ed that the treha,ose Preparation according to the pres- 
ent ,nvent.on only showed a slight coloration induced by the mailLard reaction r Lerthe colbration degT^e was' 
merely about 0^-O6%jrf those.of glucose and maltose. " " : j; : ® 9 W3S 

'nr.ZnT^l 3 ^ *! P resent trena '°se is substantially free from the maillard reaction: Thus, the 

wKh them ,S 3 SaCChande Whfch has 3 ,ess of causing deterioration of amino acids when mixed 
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Experiment 7 

Utilization test in vivo . . 

ngiVaTa^Noh" the t m f h ° d , 33 reported bv Atsu J' et a '- ™ "R'nsho-Eiyo", Vol.41. No.2. PP .200-208 
SSi ?? h'gh-purity trehalose preparation with a purity of 99.5%. d.s.b.. obtained by the method in 

hSZT T •?« W3ter int ° 20 WV % aqUeOUS SO,ution which was then orally administered to 6 

healthy male volunteers. 26-. 27-. 28-. 29-. 30- and 31-year-old. The volunteers were collected their blood at 

rnZT , ^ ^ CO " eCted blOQd W3S assa y ed for its bl00d s "9ar- and insulin-levels. As a 

t : 'T W3S U ! 6d - AS 3 reSU,tl the trehalose Preparation showed the same dynamics as in glucose. 
I wl, rl 0 p°i S H 3 C ' ns " M "- |eve,s showed their maxima at an about 0.5-1 hour after their administrations, 
t was revealed that the trehalose preparation is readily assimilated, absorbed, metabolized and utilized by 
the body as an energy source. 

Experiments 



55 Acute toxicity test 

in Jrmi?,!' h i? h -P Uri . ty treha,ose Preparation with a purity of 99.5%. d.s.b.. obtained by the method 
in Experiment 4 was orally administered to the mice for Its acute toxicity test. As a result, it was revealed that 

21 



EP 0 628 630 A2 . 

.mVI™ 8 T^TO* V e,atiV 1 f 1 ,y - ,OW toxic subst ance and no mouse died ev n when administered with 
was 50 g^oThigher P ° Th ° U9h *"* S ° aCCUrate • LDbo ° f the trehalose Preparation 

s Experiment 9 

Production of trehalose-releasing enzyme by Art hrobacter sp. Q36 
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Similarly as in Experiment 1 . a seed culture of Arthrobacter sp. Q36 (FERM BP-4316) was cultured bv a 
fermenter for about 72 hours in place of Rhizobium sp. M-11 (FERM BP-4130). The activities of a non-reducinq 
sacchande-form.ng enzyme and the present trehalose-releasing enzyme in the resultant culture were respec- 
tively about 1.3 umts/ml and about 1.8 units/ml. Similarly as in Experiment 1. a cell suspension and a culture 
supernatant, prepared from the resultant culture, were assayed. The former had an about 0.5 units/ml of non- 
reducmg saccharide-forming activity and an about 0.5 units/ml of trehalose-releasing enzyme, while the latter 
had an about 0.8 un.ts/ml of non-reducing saccharide-forming enzyme and an about 1.3 units/ml of trehalose- 
releasing enzyme. 



Experiment 1 0 
20 : Purification of enzyme 



By using an about 18 L of a culture obtained by the method in Experiment 9. the formed non-reducing sac- 
SattdTiable n 6 2yme ^"'^ 33 Experiment Z The resu,ts in each Purification step were 
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i Table 6 



Purification step 


Enzyme* 
activity 


Specific 
activity 
(unit) 


-Yield 
(units/mg protein) 


Culture 


_l23;j700^ :: 




"~ ~ " 100 


Supernatant after 
cell disruption 


22,400 


0.15 


95 


Dialyzed solution 
after salting out 
with ammonium sulfate 


20, 200 


0.51 


85 
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(Continued) 



5 


Purification step 


Enzyme* 
activity 


Specific 
activity 
(unit) 


X IclU 

(*) 

(units/mg protein) 


10 


Eluate from ion- 
exchange column 


15,100 


6.5 


64 




Eluate from 
hydrophobic column 


8,450 


115 


36 


15 


Eluate from gel 
filtration column 


6, 120 


217 


26 



Notre: The symbol "*" means a non-reducing 
saccharide- forming enzyme. 
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Table 


7 






Purification step 


Enzyme** 
activity 


Specific 
activity 
(unit) 


Yield 
- (%) 

(units/mg protein) 


30 


Culture 


32,500 




100 




Supernatant after 
cell disruption 


30,100 ; 


0.19 


93 




_Dialy zed^sollItXon~7 v 
after salting out 
with ammonium sulfate 


25,400 


0.72 


78 


40 


Eluate from ion- 
exchange column 


22,700 


22.3 


70 




Eluate from 
hydrophobic column 


15,200 


215 


47 


45 


Eluate from gel 
filtration column 


11 # 600 


497 . 


36 . 



Note: The symbol "**" means the present trehalo 
releasing enzyme . 



55 



Punfied enzyme preparations of non-reducing saccharide-forming enzyme and trehalose-releasing en- 
zyme, obtamed as the eluates from gel filtration column in Tables 6 and 7, were studied on the purities of the 
enzymes by us.ng electrophoresis similarly as in Experiment 2. As a result, they were respectively observed 
as a single protein band, and this meant that they were relatively-high purity enzyme preparations exhibiting 
an electrophoretlcally single band. 
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Experiment 11 
Property of enzyme 



min-H ■ 1 trenalos e-relea S Ing enzyme preparation obtained by the method in Experiment 10 was deter 
m ned .ts molecular weight on SDS-PAGE to give about 57,000-67,000 daltons. The pi oHhe enzv™ <*rlT 
rat,on was determined on isoelectrophoresis similarly as in Experiment 3 to g ve a p of aboutTe™ 6 The 
influences o temperature and P H on the enzyme activity, as wel, as the thermafstabmfy and pH stab^v wer" 
s ud ie d s.m.larly as in Experiment 3. The results of the influence of temperature influence o <oh f^S^T 
b.l.ty and pH stability were respectively as shown in FIG.s 6. 7, 8 and 9 P ' Sta " 

As evident from these FIG.s. the optimum temperature of the enzyme preparation is about 45'C- the on 
t,mum oH, about 6.0-7.5; the therma. stability, up to about 45-C; andThe P H JL^SZ^m 

Experiment.12 

°l!^ al ° Se ' r ° m " on - reducin g ^charides havin g a trehalose structure as an end unit an d 
having a de gree of glucose polymerization of 3 or higher . " i^u^na 

imp l y ;„ Sin9 the P" rified enz y me Preparation obtained by the method in Experiment 10. trehalose was exper- 
imentally prepared from non-reducing saccharides having a trehalose structure and having a deqree^f oi™ 
polymenzation of 3 or higher according to the methods in Experiment 4. As a i^^^J?£j£ 
iSr.rET ,n re,eaSeS treha '° Se fmm the n0 ™*™S — brides simi.ar,y 'J S ZZt^Rbl 

Experiment 13 

Production and property of treh alose-releasing enzyme from known microorganisms 

Among hitherto known microorganisms, those of the species Brevibacterium helvolum (ATCC Hfl^ 9 „w 

iSST*. mSeUS (ATCC 186)1 bee " b ' the " resent 'nv'nto^tXuc^the ^ 

trehalose-releasmg enzyme, were respectively cultured by a fermenter at 27»C for 72 houLimLly asTn Ex 

ESS" 9hte ! n L ° f e3Ch reSU ' tant CU ' tUre W3S s ^ ected to a °* Opting -p^uTSSSS - 

to an un-exchangej column ^obtain-apartiallypurified enzyme preparation, followed by sTudyfng it ^proper 
-t,es,-The results along with those of RHuoblum sp. M-11 and Arthrobecter sp. Q36 were tabulaS in tabie 8 
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3 or Mgher. As . r. J t , „as reZ^^Z^ ZT^i, T """^ «*™*«*»> <* 
s M-11. .v„y .„*,„,. Prep , rat ,o„ fonTO ^"niSSSJSSSr" '"" 2 '"'*"" » 

Experiment 14 

Partial amino acid sequence of trehaiose-releasinq enzvme 
10 Experiment 14 (1 ) 

Amino acid sequence containing N-terminai 



15 



20 



the method in Experiment 10 were dhUvzI^i^ r, °? T fr ° m ^^cter sp. Q36, obtained by 
preparation was used as ^^^^S!S£Z'Sl ' ™ d " b ° Ut 8 ° M Pr ° tein ° f each resulta "' 
minais. The amino acid sequences we e ana S^lSSSL «S ^2™°°* C ° nta, ' nin9 their N ' ter - 
of Appiied Biosystems. in'. Foster at^US^ r^h e 7 o amSo a S R ^ ODEL 473A "' ^ apparatus 
Partial amino acid sequences containing the N-te^l^^e ^T5£ 



25 



30 



35 



Table 9 



Origin 
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Partial amino acid sequence containing N-terminal 




threonine-proline-threonine-tyrosine-proiine-arginine- 
glutamfc acid-arginfne-afanine-lysine 



sp- M-IlT^ ° f *• I"*—" from ^ 

alanine-glycine-arginin^nenyla^^^ 
merrnina,^ 

ginine-glutamic acid-arginine-alanlne-lysine. sequence of prol.ne-threonme-tyrosine-proline-ar- 

Experiment 14 (2^ 

Internal partial amino acid sequence 

lh. msthod in Exp.nm.nt "o^l^^^^T-r^ Mh ^>^'P- Cat. obtained by 
T«on.n,aUnf t he,e^cSr„^^ 

Pure Chemical Industries, Ltd Tokvo Jan an «„h«m«! J » L YSYL ENDOPEPTIDASE", a product of Wako 
were then separated on revers'e [phase oh Soil ° T?* ^ 22 h ° UrS t0 f ° rm Peptid6S which 
apparatus and conditions used t se a" £ £ ^^J^^T^ 1 ^ **** HPLC) - The 

in the reverse phase HPLC were "CAPCELL pIKp , ! n2yme P re P aration /7/i/zoAA/ni sp. M-1 1 
a product of Shiseido Co ^ ^ 70^^ ^ >° nT V d,ameter of 4 -6 mm and a length of 250 mm, 
an elution time. 60 minuend a Q^tlK^ ^ 3 " -bient temperature! 

acetonitrile ranging from 16-« ^ % ^^2^2 ^ C ° ntain ' n9 ^ Wv % trif,UOr ° acetate and 
zyme preparation from >WiJo^ J^^L ; * Cond , lt,ons uaed <° «-P«to the peptides of th en- 

anda^.a.^ad.en^a^^^ 
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30-55 v/v /. The peptides eluted from the columns were detected by monitoring an absorbency at a wavelength 
^ uT m * he 6nZyme P re P aratlon of Rhizobium sp. M-11 three peptides named as RT41. RT46 and 
RT54 having respectiv retention times of about 41. 46 and 54 were separated from other concomitant pep- 
tides, and from the enzyme preparation of Arthrobacter sp. Q36 three peptides named as AT7, AT30 and AT48 
having respective retention times of about 7. 30 and 48 were separated from other concomitant peptides fol- 
lowed by drying the separated peptides in vacuo and dissolving the resultants in 200 jil solutions havinq dif- 
ferent concentrations of 0.1-50 Wv % acetonitrile. Each peptide specimen thus obtained was analyzed on a 
protein sequencer for its amino acid sequence up to 10 amino acid residues. The analyzed Internal partial ami- 
no acid sequences were as shown in Table 10. : 



Table 10 



Origin 


Peptide 


Internal partial amino acid sequence 


Rhizobium sp. M-11 (FERM BP-4130) 


RT41 


histidine-glycine-glutamic acid-glycine-asparagine- 
threonine-tryptophane-giycine-aspartic acid- 
serine 


RT46 


aspartic acid-glutamic acid-arginine-alanme- 

valine-histidine-isoleucine-Ieucine-glutamicacid- 
glutamic acid :. ^V: 


RT54 


leudne-asparticadd-tryptophane-alanine-glutamic 
acid-aianine-serine-alanine-glycine-aspartic acid 


Arthrobacter sp. Q36 (FERM BP-4316) ; ' 


AT30 


glutamine-glycine-giutamic add-giycine-asparagine- 
threonine-tryptophane-glycine-aspartic acid-serine 


AT48 


aspartic acid-glutamic acid-arginine-alanine- 
valine-histidine-isoleucine-Ieucine-glutamic acid- 
asparticacid ■ 




AT7 


leudne-aspartic add-tryptophane-alanine-glutamic 

acid-alanine-alanine-glutamic i acid-glycine^- — 
asparticacid — J "TT 



D * s evidentfrom Table 10, 9 of 10 amino acid residues in the internal partial amino acid sequence of peptide 
RT41 of the enzyme derived from Rhizobium sp. M-11 coincided with those of peptide AT30 of the enzyme 
derived from Arthrobacter sp. Q36. while those of peptide RT46 coincided with those of peptide AT48 with re- 
spect to their 9 of 10 amino acid residues. In the case of peptides RT54and AT7, they were identical with respect 
to their 8 of 1 0 ammo acid residues. Accordingly, it is judged that the enzyme derived from microorganisms of 
the genus Rhizobium and that derived from microorganisms of the genus Arthrobacter have a relatively-high 
homology with respect to their internal partial amino acid sequences which can be expressed by leucine-as- 
paragme-tryptophane-alanine-glutamic acid-alanine-X^-glycine-aspartic acid (where "X," means "serine" 
° r r T?-l' and " X2 " means Alanine" or "glutamic acid"); aspartic acid-glutamic acid-arginine-alanine- 
vannehistidme-isoleucine-leucine-glutamic acid-X 3 (where "X 3 " means "glutamic acid" or "aspartic acid"); and 
X 4 -glyc l ne-glutam.c acid-glycine-asparagine-threonine-tryptophane-glycine-asparagine-serine (where "X/ 
means "histidine" or "glutamine"). . • . .. . 

The following Examples A illustrate the preparation of the present trehalose^releasing enzyme, trehalose 
prepared therewith, and saccharide compositions containing the trehalose; and Examples B illustrate compo- 
sitions containing one or more of these trehalose arid saccharide compositions: 

Example A- 1 

A seed culture of Rhizobium sp. M-11 (FERM BP-4130) was inoculated in a nutrient culture medium and 
Incubated by a fermenter for about 80 hours in accordanc with the method in Experiment 1. After completion 
of the Incubation, the resultant culture was filtered to remove cells with an SF-membrane to obtain an about 
18 L filtrate followed by concentrating the filtrate with a UF-membrane into an about one L enzyme solution 
containing 17.2 units/ml of a non-reducing saccharide-forming enzyme and 20.8 units/ml of the present tre- 
nalose-releasing enzyme. 
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enzyme specimen commercialized by Hayashlbara Biochemical L»h^L!_ , , ^2. 1 3.2.1.41) - . an 
ml/g starch. d.s.b.. of Ihe above erwme ioluZ an^ZSit ' "f" 0ka » ama - Ja M". *"« 0J 

reaction mixture thus obtained was toot a?95 c fa, ?n su "" !c ' < ? » an 'nzymatic reaction for 48 hours. Th. 
In usual manner decoded Sa^ cna^o.? dLS T "'^ ' he ' eSU " a '" "" ra " 

-e^T^o^ 
- "-"weetenerftas^^ 



Example A-2 



45 



'^"oereslncommeSa^ 

a high trehalose content powder In a yield of rtSSS. dlT 3 PU ' Ven2ed *° ^ 

» The content of trehalose In the product Is about 97% dsh anri ^ „™w * u 

ExampleA-3 — ■ -■ c. 

•Jt^iSttXSET? , —" «* - «»~ ^ useful in 

agen^abllfeer^tSand raer. '* ' «>•">■ quallty-improvlne 

Example A-4 



50 



55 



obtain a block. P 3 a,um,num P |ai " container and aged at 100-C for 6 hours to 



28 



BP 0 628 630 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



The resultant block was pulverized by a cutter and dried by a flufdized-bed drying to obtain a powderv 

teZ ZZ T lr r ha ^ Se f " 3 mCiStUre C ° nl8nt ° f ab ° Ut °" 3% ,n a * ^"out 85o/ fl ^ ZSTS 
terlal h gh trehalose content f raction, d.s,b. The product can be arbitrarily used as a desiccant in Ldi^^ 
cosmetics, pharmaceuticals, and their materials and intermediates, and also can be used a i S^SS 
sweetener ,n a variety of compositions such as food products, cosmetics and pharmaceutic 

Example A-5 

RP il,m COrdanC8 ? 6 meth ° d EXamP ' e A - 1, 3 S68d CU,ture of a mutant ofRhizobium sp. M-11 (FERM 
BP-4 30) was inoculated .n a nutrient culture medium and incubated by a fermenter for about 70 hours After 

22 n he t f ° n ' t° reSU,tanl Ce " S WCre membrane f i,tered with an SF-membrane to reefer an 
about 100 LfMtrate wh.ch was then concentrated with a UF-membrane to obtain an aboutS L enzyme sZ [ton 

2SXSS en" ° f 3 n °"- red ^ -^forming enzyme and about 490 unitL, of a^ 
«™ % s " s P ension of Potato starch was gelatinized by heating, adjusted to pH 4.5, heated to 50°C admixed 
o!^ I of ' d - S ; b " ° f a " ,SOamy ' aSe Spe ° imen ^rcia.ized by Hayashibara BiochemrcrS 
waf^; in;; h f Japan ' and SUbJeCt6d t0 3n enzymatic reaction for 2° "°"rs. The reaction mixture 

of JERMAMYL 60L , an a-amyiase specimen commercialized by Novo Industri A/S Copenhagen Denmark 
™, H? 6 I?ot !" en2 r atiC reaCti ° n f ° r 15 reaction mixture was autoclaved at 130»C forTm£ 

SSf, ' T Sd ^ 0 01 m ' P6r 9 Starch ' d ' S - b - of the above-mentioned enzyme solution, and u£ 

to 50-C. adjusted to pH 5.0. admixed with 10 units/g starch, d.s.b., of "G LU COZYM E", a glucoamyS spec,? 

Zrs^d rT Tr h Btochemica,s ' Ltd - Kv ^. Japan, subjected to an enzymatic reaction Z 40 
hours, and heated to maebvate the remaining enzyme. The solution thus obtained was in usual manner decol- 
ored witt, an activated charcoal, desalted with an ion-exchanger and concentrated into an abour 6 0%sot«on 

8 °- 5 ! i reha '°?' d - S : b ' ThS S ^ Ut,0n W3S concentra < a d '"to an about 84% solution which was tnen 
placed in a crysteHizer and admixed with an about 2% hydrous crystalline trehalose as a seed crystal against 

f2LT? 9 ?* fT* ? CrySta " ,2e tfeha,0Se Und6r St,rring Conditions - resultant was placed in a 
SSifiJS^^J^ t0 Sta w d ^ r r bfent temperature for 3 davs *» *™ a block whicS was then 
material starch £? 8 * CrySta "' ne treha '° Se 3 yie ' d ° f ab ° Ut 90% against the 

a ^1^' fe Substantia,, y "on-hygroscopicand handles.easily.-and theseTeTrteTit^r^^ 
HmnSn-n^T^ and Pharmaceuticals as a sweetener, taste- 

improving agent, quality-improving agent, stabilizer, excipient and filler. 

Example A-6 • • .- .,'„ 



A seed I culture of a , microorganism of Arthrobacter sp. Q36 (FERM BP-4316) was inoculated in a nutrient 

9. The resultant culture was centrif uged at 1 0.OOOrpm for 30 min to remove cells, and the resultant supernatan 

no'n reTlT' TV ^ membrane to obtain °" e ^ * an enzyme solution^ containing 16 3 unitsTm, of a 
non-reduc.ng sacchande-formmg enzyme and 25.1 units/ml of the present trehalose-releasing enzyme 

"NPO n iSr«S'. We,a ° f P r at ° StarCh W3S m ' Xed With 6 Parts by weight of water and °- 01 Part by weight of 
NEO-SPITASE an a-amylase specimen commercialized by Nagase Biochemicals Ltd., Kyoto. Japan, and 
he resultant mixture washed by stirring, adjusted to P H 6.2 and heated to 85-90-C to gelatinize and liquefy 
z™f IT^JI fl/jS ^ a "' liqUe !, ied StarCh W3S autoclav «d at 120-C for 10 min to inactivate the remaining en- 
«£Z'r m adm,X6d W ' th 500 Umts/9 Starch of an '^amylase specimen commercialized by Haya- 

shibara B.ochem lC al Laborator.es. Inc.. Okayama. Japan, and 0.2 ml/g starch of the above enzyme solution. 

heftedtatc^^ rea f° n ^ 48 h ° UrS - After com P'«tion of the reaction, the reaction mixture was 

uS l arrn -r M ,rn^M j. ^ thS remain,n9 enZyme ' adjusted to 50 ° C and P H 5 -°- admi *ad ^ « 
to jiLn -Tl ' 3 9lucoam y |ase s P ec,men commercialized by Nagase Biochemicals Ltd., Kyo- 

T^e reaction E?l h ^ reaCt ''° n ^ 4 ° hOUrS ' a " d heated to inactivate the rema '"'"9 e^e. 

I^l t h I 8 ta ' ned W3S USUal manner deco '°red with an activated charcoal, desalted with 

an Ion-exchanger, and cone ntrated Into an about 60«/o solution containing 78.3% trehalose, d s b In accor- 
dance w,th the method in Example A-2 except for using as the ion-axchanger-CG 6000 (NaMo m)'» an alka^e- 

c Tn?' f TV. * ^'IT han9e reS, ' n c ™™'^°* by Japan Organo Co. Ltd.. Tokyo. Japan me con- 
centrated soluuon was subjected to an ion- xchange column chromatography to obtain a high trehalose con- 
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tent fraction containing about 95% trehalose, d.s.b. The fraction was concentrated to give a concentration of 

■^^^rSS?' ^ additi ° n ° f 3bOUt 2% hydr ° US trBhalose - ■ ~Z 

crystal under stimng conditions, transferred to a plain plastic-container, allowed to stand and aged at an am- 

5 ZtrZ^T' , f Z 3 , day f l ° ° btain 3 b ' OCk> f0 " 0Wed by Pu,verizi "9 * with a cutte ' ««» obtain a powdery hy- 
5 drous crystall.ne trehalose in a yield of about 70% against the material starch. d.s b s 

The product, which is substantially free from hygroscopicity and handles easily, can be arbitrarily used 

ol^ZV T < e T Pm / ,ng a9ent> « ua,it Hm P roving agent, excipient. fil.er and di.uent in a va^fy of im- 
positions such as food products, cosmetics and pharmaceuticals. ' ^ 

io Example A-7 • ... Z . . - 

_•, In accordance with the method in Experiment 13. a seed culture of a microorganism of the species Bre- 
TT7Z T' VOlUm i ATCC 11822) was inOCU,ated in a "Orient culture medium, and culture by a feZ„Z 
for abou 72 hours, and the resultant culture was treated with a cell disrupting apparatus. The resultentnTwure 

wS VT^neZ"^!™ 10 rem ° Ve reSidUeS ' 3nd the ^"'Supernatant was concentred 
w.th a UF-membrane. followed by the recovery of an about 700 ml solution containing about 8 units/ml of a 
non-sacchande-forming enzyme and about 12 units/ml of a trehalose-releasing enzyme 
n , „, A ZZ J" taP ' 0Ca StarC " sus P enston was admixed with calcium carbonate to give a final concentration of 
20 lo. a n2^ P 2 60 ' adm - d « ith TERMAMYL 60L", an a-amylase specimen commend by 
20 Novo Industn A/S, Copenhagen. Denmark, and subjected to an enzymatic, reaction at 95-C foe20 min The 
resultant reac ton mixture was autoclaved under a pressure of 2 kg/cm* for 30 min. cooled to 40-C admixed 
with 200 un.ts/g starch of an isoamylase specimen commercialized by Hayashibara Biochemical Laboratories 
So^rT? JaP ^ and ° 2 S m,/9 Starch of the above e "*V™ «o'«tion. and subjected to an enzymatic rl 
'5 fl ht I f iitL h,- J" r T fon thUS ° bta,ned W3S kept at 95 ° C for 10 mi ". c °°' ed and mered to 

e2SLl 21 W J nJ? S !T USUal mannSr deC ° IOred With an act,vated charcoa| . desa 't«d with ion-ex- 
changers in H- and OH-form. and concentrated to obtain a 60% syrup in a yield of about 90% d s b 

««, n e &° dU f Wh p h ™ nla ! nS 60 - 1% treha,ose ' 1 ' 4 % glucosyltrehalose. 1.5% maltosyltrehalose; 1.0% glu- 
htah ±Tf 2 % ma J 01 " 086 ' 21 ' 2% maltotetraose and higher maltooligosaccharides. has a mild and 
o Bemuse ?STT" 1 ^ 7 re ' atiVe,y - ,OW ^ucing power and an adequate moisture-retaining ability. 
!L ? T theS9 ' 'I 03 " be " Sed ,n a varlety of eomposMons such as food products, cosmetics and pharma- 
ceuticals as a sweetener, taste-improving agent, quality-improving agent, stabilizer, excipient filler and dilu- 



ent 
Example A-8 



35- 



40 



A high trehalose content solution containing about 95% trehalose, obtained by the method in Example A- 
,T m u™? man u ef deco,ored and ^salted. The resultant solution was concentrated into an about 75% 
solution which was then transferred to a crystallizer, admixed with about 2% hydrous crystalline trehalose as 

teZt 2 ' IT ' t0 TH°° C ' r^ 3 ^ CO ° ,ed t0 25 ° C WhMe Stim ^' and « W«tod toa separation using a 
basket-type centnf uge.The resultant crystal was washed by spraying it with a small amount of water to obtain 
a high-purity hydrous crystalline trehalose with a purity of 99% or higher in a yield of about 50% 



Example B-1 
45 Sweetener 
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s j! h " e P y W ?' 9 1 3 P ° Wdery hydr ° US cr y sta,,ine trehalose, obtained by the method in Example A- 
Lll h T 9en « OU y o ? ed Part by W8i9ht ° f " aG SWEET "' an «-9'y°osyl stevioside product commer- 
t L?,n ^ m ° k U9 ^ C °- LW - T ° ky °' Japa "' and °- 01 part * we '"9 ht of "ASPARTAME", a product 

tltelt 2 r " 7? anm8 met , hyleSter c °nT"erGialized by Ajinomoto Co.. Ltd.. Tokyo. Japan, and the re- 
1h k M d to a Oranutetor to obtain a granular sweetener. The product has a satisfactory sweet- 
of that of s^CTos°e sweetening power of sucrose, and the caloric value Is lowered to about 2/5 

r«n ^T! m Pr0d l! Ct h3 f 3 satlsfacto ry stability and does not decompose other sweeteners to be mixed, it 
ar« LrT !n y " 33 3 '° W -, ca or,c swee tener for low-caloric food products for fat persons and diabetics who 
are restricted to a r duced calori intak 

oro l^ltTLT "'T^ 11 y d °f 8 f0rm addS and inSO,Uble 9,ucana when den tal carries-Inducing micro- 
organisms act on It. and this renders it useful for sweetening food products to prevent dental carries 
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without giving an unsatisfactory taste and smell. 
Example B-7 
Custard cream 



One hundred parts by we.ght of corn starch, 100 parts by weight of a trehalose syrup obtained by the meth- 
od n Example A-7 80 parts by weight of maltose. 20 parts by weight of sucrose, ^d one part £ weiqht of 
sal were m,xed to homogeneity. The resultant mixture was admixed with 280 parts by weight of egg and arlS 

h'lTcond^ 

heating cond.fons. and the heatmg was stopped when the corn starch in the mixture was completely gelatin- 
■zed |» g.ve the whole contents semitransparent. followed by cooling the mixture and adding™ re* >Z iTe 
quate amount of a vanilla flavor. The resu.tant mixture was weighed, injected and packed to o'tain me desired 

The product has a smooth surface and gloss, as well as a mild taste and sweetness. 



Example 8 

Uiro-no-moto (premix of starch paste) 



an „S parts J*, we, 9 ht ° f ™* Ponder. 20 parts by weight of corn starch. 40 parts by weight of sucrose 

Darts t IZTo n I T "^T CrySta " ine treha ' OSe ° btained b * the Sample A-3 and 4 

2 a /J P ' U ' a " Were m,X6d 10 hom °9 ene 'ty to obtain a uiro-no-moto. The product was kneaded 

- nsnx^^JSKr and water ' and the mixture was p,aced in a ~ « 



Example B-9 
An (beans paste) 



l«J?h • !!? SanS 35 3 materia, Was in usuaI manner-mixed with water alTd boiTedlol-" 

35 '™ S * b *^^ impurities to obtain about 2 

35_ _ parts^by-we.ght of 'adzuk,-tsubu-an". To the resultant were added 14 parts by weight of sucrose 5 Darts bl 

we,gh t of a trehalose syrup obtained by the method in Example A-1. and 4 pi.^^£S££ and the 

Das^thlrirr 8 miX ! d With 3 Sma " am ° Unt ° f S3,ad 0il ' and carefu..y y knea 9 ded uHo as no to 

paste the beans. Thus, the desired product was obtained in a yield of about 35 kg 

40 it uslful aT a matTri IT tT™"™ T^t * ^ ^ 3 satisfactor V «-«■ and flavor, and these render 
sherbets and ZStZ ^ bUnS ' ^ ^ bMn * m ^ "ean-jam-fiiled wafers. 



Example B-10 
45 Bread 



n art ?" e ""m"? PartS , by W !'' 9ht ° f Wh6at P0Wder ' 2 parts b * wei 9 ht of y east - 5 Parts by weight of sugar one 
^ P h / drou r rySta " ine treha,OSe ° btained b * the method in Example A-3. 0.1 part by 

- ssz: were kneaded with water in usuai manner - fermented at 26 ° c f ° r 2 ^ 

and mliyswee C ^ss. hi9h " qUality haV '' n9 ' Satisfactor y hue and risin °. «• as a satisfactory elasticity 
Example B-11 

55 

Ham 

To one thousand parts by weight of sliced ham meat were added and ground to homogeneity 15 parts by 
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weight of salt and 3 parts by weight of potassium nitrate, and the ham meat slices were piled up and allowed 
to stand overnight in a cold-storage room. Thereafter, the resultant slices were first soaked in a salt solution 
" 9 jf 5 h ° f artS * wei 9 ht of water ' 100 P^s by weight of salt. 3 parts by weight potassium nitrate. 40 
parts by we.gh of a powder containing non-reducing saccharides prepared by the method in Example A-6 
and an adequate amount of a peppermint for 7 days in a cold-storage room, then washed with cold-water in 
usual manner, tied up. smoked, cooked, cooled and packed to obtain the desired product 
The product is a high-quality ham having a satisfactory hue. taste and flavor. ; :. . 

Example B-12 
Powdery peptide 

bv FuimrfS YTft ° f °, H,NUTE S "' 3 Peptide SO,Uti ° n COntainin9 40% edib,e sov beans commercialized 
by Fuj Oil Co Ltd.. Tokyo. Japan, was mixed with 2 parts by weight of a powder containing a powdery hydrous 

crystalline trehalose prepared by the method in Example A-6. and the resultant mixture was placed in a plastic ' 
vessel, dried in vacuo at 50°C, and pulverized to obtain a powdery peptide 

The product having a satisfactory taste and flavor can be arbitrary used as a material for confectioneries 
such as premixes. sherbets and ice creams, as well as baby foods and nutritions for therapy in the form of an 
oral or an intubation feeding. . . 

Example B-13 

Powdered miso 

To one part by weight of akamiso (a kind of miso) was added 3 parts by weight of a powdery anhydrous 
crystalline trehalose obtained by the method in Example A-4. and the mixture was poured into a metal plate 
having hemisphere wells on its surface and allowed to stand at an ambient temperature overnight to obtain 
nvsc .solids, about 4 g weight each, which were then subjected to a pulverizer to obtain the desired product 
- The product can be arbitrarily used as a seasoning for instant noodles and soups, as well as a miso con- 
* fectionery. 

Example B-14 _ '*' 

Powdery eg g yolk : — ' \ r ; ' ' • 

_ _____ — ■ — — ■ *v • : ■ if* : ; 

Egg yolks prepared from fresh eggs were sterilized at 60-64'C by a plate heater, and one part by weight 
of the resultant l.qu.d was mixed with 4 parts by weight of a powdery anhydrous crystalline trehalose prepared 
by the method in Example A-4 with respect to one part by weight of the liquid. The resultant mixture was trans- 
ferred to a vessel, allowed to stand overnight to form a block while the anhydrous crystalline trehalose was 
aHowing to convert into hydrous crystalline trehalose. The block thus obtained was pulverized by a cutter to 
obtain a powdery egg yolk. 

The product can be arbitrarily used as a material for confectioneries for premixes, sherbets, ice creams 
and emuls.fiers. as well as baby foods and nutritions for therapy in the form of an oral or an intubation feeding 
The product can be also used as a skin refiner and hair restorer. 3 

Example B-15 - . 

Cosmetic cream 

Two parts by weight of polyoxyethylene glycol monostearate. 5 parts by weight of glyceryl monostearate 
self-emulsifying, 2 parts by weight of a high trehalose content powder obtain d by the method in Example A- 
2. one part by weight of a-glycosyl rutin, onepart by weight of liquid petrolatum, 10 parts by weight of glyceryl 
tr.-2-ethylhexanoate, and an adequate amount of an antiseptic were in usual mariner dissolved by heating 
The resultant solution was admixed with 2 parts by weight of L-lactic acid. 5 parts by weight of 1.3-butylene 
glycol and 66 parts by weight of refined water, and the resultant mixture was emulsified by a homogenizer 
and admixed w.th an adequate amount of a flavor under stirring conditions to obtain a cosmetic cream 

The product having a relatively-high stability can be arbitrarily useful as a high-quality sunscreen, skin- 
refining agent and skin-whitening agent. 
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Example B-16 



Powdery ginseng extract 



t»ir t l P f y we,9ht j*9 ,nsen 9 was fixed with 1.5 parts by weight of a powdery anhydrous crys- 

talline trehalose prepared by the method in Example A-4, and the resultant mixture was transferred T I Zl 
container aHowed to stand for 2 days to convert anhydrous crystalline i^S^^^^^ 

W * n „Iw e a Pr0dUCtanda f < uateai ™ntsof powdery vitamins B1 and B2 were subjected to a granulator to obtain 
a powdery ginseng extract containing vitamins. s^nuiaior ro oDtain 

The product thus obtained can be arbitrarily used as a tonic, fatigue-relieving agent and vitality-imoartina 
agent. The product can be also used as a hair restorer. S viramy imparting 

15 Example B-17 



Solid pharmaceutical 



20 



25 



30 



norfoH? human ' nterfe ™-a preparation, commercialized by Cosmo Bio. Tokyo. Japan, was in usual man- 
cont^ 

2 abHl2erwaS fed to the co,um ". ™°wed by removing an excessive amoun 
2/ ■ £ TJT>' T h h ! reafter ' 0,6 interfero "-° was eluted from the column with a physiological saline containing 
tt*L J 2 86 ^ P ° Wder ' Prepafed by the method in Exam P' e A-2. while the P H of thTpS 

SI S/J?^ 9 ' reSU ' tant e ' Uate WaS membrane f i,tered - and the was dehydrated bylhe 

St^ta ^^ST " F 'f T ° S f a " anhydr ° US CrySta,,lne ma,t0S6 P-der commerciled 
2i2Sif. .» J I ° kayama ' Ja P an - fol, °we<J by pulverizing the resultant dehydrated product and 

2£ S. ?! T P ° Wder by 3 tab,ett,n ? mach,ne to ° btain tab,ets contalni "9 a "out 1 50 units of the nat u- 
ral human interferon-a per one tablet, about.200 mg weight . , ■ 

a „H T ^T OdUrt ^^ b60rallyadminiSteredasasub,in 9 ualteb ^ 

^^ ^-T Vl, ? , 2 ,B Tr■ a " er9yS ' rheumatlsms - d ^tes and maHgnanttumo^o^ 

nmdZ 9 Jl° m f k .? SeaSe l haS bee " remarkab 'y ^^ased. The trehalose and mal ose incomorSe n me- 
lon oeno \*fZT ? *" "S" - hUman int ?^^ s <^^^ 

long^enodo^me^yen at an ambient temperature. ... . 



35 

Example B-18 

Sugar coated tablet 



40 



45 



^ T 83 8 ? re ' 150 m9 Wei9ht> WaS coate d with a solution consisting of 40 parts by weight of a 
powdery hydrous crystalline trehalose obtained by the method in Example A-3. 2 parts by weight o^pul Man 

Dart'^h 3 " ave 7 9 f e .. mol f CU,arwei9htof 200 ' 000 - 30 P arts by weight of water. 25 parts by we^ht of talc and 3 
parts by we.ghtof tjtanium oxide until the total weight reached to about 230 mg. and the ^esu?tant was further 

wa> o ZS^^^t^^ ° f PU,,lJ,an ' 34 P3rtS by W6i9ht ° f Water ' and 9 |ossed wit" aliquid 
wax to obtain a sugar coated tablet having a satisfactory gloss and appearance 

of tima Pr ° dUCt 3 re,atiVe ' y - high shock to,erance and ^ high qualiiy for a relatively-long period 



50 Example B-r19 
Dentifrice 



55 



A dentifrice was prepared in usual manner by mixing the following ingredients: 
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Calcium monohydrogenphosphate 45.0% 
5 Pullulan 2.95% 

Sodium lauryl sulfate 1.5% 

10 Glycerine 20.0% 

Polyoxyethylene sorbitan laurate 0.5% 
f5 Antiseptic 0 . 05% 

Powdery hydrous crystalline 12.0% 
trehalose prepared by the 
20 method in Example A-3 

Maltitol ' 50% 



Water 13.0% 



25 



The product is satisfactorily used as a dentifrice for infants because it has an adequate sweetness. 
Example B-20 / 

30 Solid preparation for Intubation feeding . . . 

A composition consisting of the following compositions was prepared: Five hundred parts by weight of a 
powdery hydrous crystalline trehalose prepared by the method in Examp.e A-6.-270 parts tyd^fpj^ 
35 ^ ^ 9 ^ ^'^20? P^ts^y vs^ght.of defat ted milk. 4T4 pa of sodium chloride. 1.8 part! by wSSht 

■ ~ -f££lf'Z ' k 4 r n S e by W6i9ht ° f ma 9" esium su,fate . 0-01 P** by weight of thiamine. 0.1 part by 

S^-iST35i b r ei9ht ° f Vilam,n E aC6tate ' and °-° 4 partS by weight of nicotinamide" 

' 2 Si h tje composition were injected into moisture-proof laminated small bags and heat 

sealed to obtain the desired product a 

4a .HmSS ? f T dUCt ' S dissolved ,n about 150-300 ml of water into a fluid food, and orally or parenteral^ 
40 admmistered to nasal cavity, stomach or intestine by intubation feeding to supplement energy to living bodies 
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Example B-21 
Hyperalimentation 

into anab'out fo^r 8 ha,ose ' P re P ared b * *° "«hod in Example A-8. was dissolved in water 

rovrovroni *T t : eha ' OSe S ° ,Uti ° n Which Was then in usual manner membrane filtered to re- 

move pyrogen, aseptically injected into a plastic bottle, and sealed to obtain the desired product 

k Jtll'Z t ' ' S 3 satisfactori, y stab,e hyperalimentation substantially free of change on standing, 
to btol a d th rr"° US ,; a/ld intra P eritonea '-administrations. A 10 w/v % solution of the product is isotonfc 
case of glucose SUPP ' ement 8ner9y to livin 9 bodies at ™« high r concentration than in the 

Example B-22 
Hyperalimentation 

A high-purity hydrous crystalline trehalose, prepared by th method in Example A-8. and an amino acid 
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t^^rT^o^jr^r:' ™r d,ssoi,ad » *- ^ » ^ ^ 



Componentsof amino acid composition 





Component 


ma/100 ml 


10 


L-lso/eucine 


180 




L-Leucine 


410 




L-Lysine monohydrochloride 


620 


15 


L-Methionine 


240 




L-Phenyl alanine 


290 




L-Threonine 


180 


20 


L-Tryptophane 


60 




L-Valine 


200 




L-Arginine hydrochloride 


270 


25 


L-Histidine monohydrochioride 


130 




Sfyclne - .: . - . J 


340 



30 



Example B-23 
35 _ Ointment for treating trauma 
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and satisfactory heals . wound P "° dl,Ct S " 0rtens a hea " n 9 P"™" 

of 3 or higher, and forms teMoZ%7rt,tol ^^ 'u l"*"""? a deg,e8 " alu00se P<*l™rizalio,, 
^testoge.herwl.hanon!nX^^^^ 

f^„rit~ 

great Influence on th fields s7h a s starch ln7Ll Zh T' L ^T"' inV8nt '° n 9,VeS 30 "nhthonuW. 

ios sucn as starch-, enzyme- and b.ochemfcal-sciences. and other Industrial fields. 
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especially, food-, cosmetic- and pharmaceutical-industries, as well as forestry, fisheries, and agricultural- 
hvestock- and chemical-industries. Thus, the influence of the present invention on the fields is unfathomably 

While there has been described what is at present considered to be the preferred embodiments of the in- 
vention, .t will be understood the various modifications may be made therein, and it is intended: to cover in the 
appended claims all such modifications as fall within the true spirits and scope of the invention 



Claims 



10 



15 2. 
3. 



1. A trehalose-releasing enzyme which specifically hydrolyzes the linkage between a trehalose moiety and 
the remaining glycosyl moiety in a non-reducing saccharide having a trehalose structure as an end unit 
and having a degree of glucose polymerization of 3 or higher. 

An enzyme according to claim 1, wherein said glycosyl moiety consists of one or more glucose residues. 



An enzyme according to claim 1 or claim 2. which has the following physicochemical properties- 
(1) Action 



Specifically hydrolyzing the linkage between a trehalose moiety and the remaining glycosyl moiety in 
20 a non-reducing saccharide having a trehalose structure as an end unit and having a degree of glucose 

polymerization of 3 or higher; 
(2) Molecular weight 

da^cv 7,000 l ° 68,000 da ' t0nS °" S ° diUm dodec y ,su lfete-polyacrylamide gel electrophoresis (SDS- 

PAGE); 

25 (3) Isoelectric point (pi) 

About 3.3 to 4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-45°C when incubated at pH 7.0 for 30 min; 

(5) Optimum pH 

30 , . About 6.0-7.5 when incubated at 40°C for 30 min; 

(6) Thermal stability 

Stable up to a temperature of about 30- 45°C when incubated at pH 7.0 for 60 min- and 

(7) pH Stability ' 



35 



Stableat^a^pH of a bout 5. 0-1 0.0 when incubated at 25°C for 16 hours. 



I. An enzyme according to any one of claims 1 to 3, which has one or more partial amino acid sequences 
selected from the group consisting of: 

(1) ieucine-aspartic acid-tryptophan-alanine-glutamic acid-alanine-X^X^glycine-aspartic acid (where 
X, means serine or alanine, and X 2 means alanine or glutamic acid); 
^ (2) aspartic acid-glutamic acid-arginine-alanine-valine-histidine-isoleucine-leucine-glutamic acid-X 3 

(where X 3 means glutamic acid or aspartic acid); and 

(3) X4-glycine-giutamic acid-glycine-asparagine-threonine-tryptophan-glycine-aspartic acid-serine 
(where X4 means histidine or glutamine). 

^ 5. An enzyme according to any one of the preceding claims, which is an enzyme derived from a microor- 
ganism. 

6. An enzyme according to claim 5. wherein said microorganism is a microorganism selected from the group 
consisting of those of the genera Rhizobium, Arthrobacter, Brevibacterium and Micrococcus. 

7 * f^",™". f ccordin 9 to c,aim ^ wherein said microorganism of the genus Rhizobium Is Rhizobium sp 
M-11 (FERM BP-4130). 

8 * sp S^FER C M 0 Bp n 431 0 6) laim ^ Wh ° rein ^ miCm0r9anism ° f the 9enus Arth robacter Is Arthrobacter 

9. A process for preparing a trehalose-releasing enzyme according to any one of the preceding claims, said 
process comprising culturing a microorganism capable of producing said enzyme In a nutrient culture me- 
dium to form said enzyme, and recovering the resultant enzyme. 



so 
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10. A process for preparing trehalose, comprising- 

11 1 , haV ' n9 3 de9ree of 9lucose P°'ymerization of 3 or higher to form trehalose 

sa,d enzyme being capable of specif icaiiy hydrolyzing the linkage between a trehalose moTe an °the 
remainmg glycosyl moiety in said non-reducing saccharide- ena.ose moiety and the 

(b) purifying the resultant trehalose; and 

(c) recovering the purified trehalose. 

11. A process according to claim 10. wherein said enzyme in the step (a) is used together with a non redurinn 
sacchande-forming enzyme capable of forming one or more non-reducing saccha^ 

structure as an end unit and having a degree of glucose polymerization of 3 or hfcher 

12. A process according to claim 10 or claim 11, wherein the step (a) further contains a steo of allow,™ m., 
coamylase to act on the resultant solution in the step (a). P " 9 9 ' U " 

13. A process according to any one of claims 10 to 12. wherein the step (b) contains a step of subiectino the 

Z , -trono t,Q " CO ? ininQ L reha,OS6 " the Step < a > to colu ™ chromatography ustg a co2 n ^cked 
with a strong-acid cation-exchange resin to purify the trehalose. P 

14. A process according to any one of claims 10 to 13, wherein the step (b) further contains alte D of crvs 
taking trehatose ,n the resultant soiution in the step (b) into hydrous-' orinhydrous-^ 

15 ' t^e^ZT 9 t0 °" e ° f ClaimS 10 t0 14 ' Wherein Said — ists of one or more 

16. A process according to any one of claims 10 to 15. wherein said enzyme is as defined in any one of claims 

17. A process for preparing saccharide composition containing trehalose, comprising- 

(a) al owmg an enzyme to act on a solution containing a non-reducing saccharide having a trehalose 
stmcture as an end unit and having a degree of glucose polymerizatfo of 3 or highe to 3iSSST 

reml^r? 5 * Specifical, y hydrolyzing the linkage between a trehalose^ ^oTety^and the 

remaining glycosyl moiety In said non-reducing saccharide- and 

(b) recovering the resultant saccharide composition containing^ " 

sacchande-forming enzyme capable of forming one or more non-reducing saccharides having a trehalose 
structure as an end unit and having a degree of glucose polymerization of 3 or higher 

19 ' ^mvfa'sVtoaS 

coamylase to act on the resultant solution in the step (a). . ^ 

20. A process according to any one of claims 1 7 to 19, wherein the step (a) further contains a step of crys- 
talling trehalose ,n the resuitant soiution in the step (a) into hydrous - iU^u«^i tiSSl. 

21 ' glu'co^sTdue? 9 * "* *"* ***** " '° 2 °' "»Wy consists of one or more 

1^35^ one of daims 17 to 21 ' wherein said enzyme in the step < a > is as defined in 

A process for preparing composition containing trehalose, comprising- 

II ^^0^01^ ^^^^ en2yme (,) * treha.ose-releasing enzyme 

(I ) to act on a solut.on conta.n.ng one or more reducing partial starch hydrolysates having a degree of 

SnSSlSTJil^ w structure as an end unit and havln9 3 de9ree of g ,uco " e p°'y- 

tween 'a i Wo^™2. ^ T (,,) bei " 9 C3Pab,e of s P ecifical| y hydrolyzing the linkage be- 
Z ZLI^ T I * f th rema,n,na S'y c °syl moiety In said non-r ducing saccharide; 
b recovering the resultant trehalose together with or without other saccharlde(s); and 
(0 incorporating the trehalose together with or without other saccharide^) IntoV materia, for compo- 



22. 
23. 
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sition. 

24. A process according to claim 23, which produces a food product. 

25. A process according to claim 23, which produces a cosmetic composition. 

26. A process according to claim 23, which produces a pharmaceutical composition. 

27. A process according to any one of claims 23 to 26, wherein said glycosyl moiety consists of one or more 
glucose residues. 

28. A process according to any one of claims 23 to 27, wherein said enzyme (II) is as defined in any on of 
claims 3 to 8. 

29. A method to lower the degree of glucose polymerization of a reducing partial starch hydrolysate without 
increasing .ts reducing power, which contains a step of allowing a non-reducing saccharide-forming en- 
zyme (I) together with a trehalose-releasing enzyme (II) to act on a solution containing one or more re- 
ducing partial starch hydrolysates having a degree of glucose polymerization of 3 or higher, said enzyme 
(I) being capable of forming one or more non-reducing saccharides having a trehalose structure as an 
end un.t and having a degree of glucose polymerization of 3 or higher, and said enzyme (II) being capable 
of specif .caHy hydrolyzing the linkage between a trehalose moiety and the remaining glycosyl moiety in 
said non-reducing saccharide. 

30. A method according to daim 29. wherein said glycosyl moiety consists of one or more glucose residues. 

31. A method according to claim 29 or claim 30. wherein said enzyme (II) is as defined in any one of claims 

o to o. 
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